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are Rated at 1000 Working Volts 


Modern Engineering Requires This 


“HEAVY DUTY” CERAMIC CAPACITOR 


The heavier ceramic dielectric element made by an 
entirely new process provides the necessary safety fac- 
tor required for line to ground applications or any 
application where a steady high voltage condition may 
occur. Designed to withstand constant 1000 V.A.C. 
service. 

It is wise to specify RMC “HEAVY DUTY” by-pass 
DISCAPS throughout the entire chassis because they 
cost no more than ordinary lighter constructed units. 

Specify them too, for your own peace of mind, with 
the knowledge that they can “take it.” And if you want 
proof — request samples. 


A New Development from the 
RMC Technical Ceramic Laboratories 


DISCAP 
CERAMIC | RADIO MATERIALS CORPORATION 


CONDENSERS GENERAL OFFICE: 3325 N. California Ave., Chicago 18, Ill. 
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in Toroids & Filters ee 
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At every management meeting in Burnell & 
Company there is an unseen but highly respected 
visitor. He is the spectre of all our customers 
and his opinions carry weight. Recently he 
suggested that in addition to our other expan- 
,sion measures that we must find a way to im- 
prove deliveries for emergency and special 
sample orders. Our solution is certainly not 
original but no less effective. 


Burnell & Company’s new sample department 
has been able to produce audio filters from 
proverbial ‘scratch’ to the customer’s waiting 
hands in as little as ten days! 


foc 


Frankly, this cannot always be accomplished 
but our average has been ranging between 
three to four weeks for emergency samples and 
four to six weeks for regular prototypes in- 
stead of the former twelve weeks of the pre- 
sample department days. 


Adding this to our new winding department 
and our new testing and finishing departments 
the sum total has been a still better product at 
a better delivery than ever before. 
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YONKERS 2, NEW YORK 


EXCLUSIVE MANUFACTURERS OF COMMUNICATIONS NETWORK COMPONENTS 
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Facts and Figures Round-Up 


March, 1953 


ELECTRONIC 
INDUSTRIES 


TOTALS 


January 
1953 


Total 
January, ’52 404,932 


1,005,000 
632,455 


Stations and Transmitters Authorized 


Stations in the Safety and Special Radio Services now reported by 
the FCC exceed 212,000 for 1952, an increase of 35,000 during pre- 
ceding 12 months. These stations comprise 537,000 transmitters as shown 
by the classification table on the right, below. In addition, the FCC has 


authorized 2,420 AM BC stations, 648 FM BC stations, and more than 
300 TV stations. 


Class of station 


‘ 
Land or fixed | Mobile sta- 
Station tion trans- 
transmitters mitters 


Total trans- 
mitters 


Class of station 


Aeronautical Services: 


ft 
Aeronautical land and fixed -... 
Civil air patrol 
Airdrome control 


Aeronautical Services: 
Be | Bee epee eee 
Ground !.... 


‘oast. 
Alaskan coastal 
Alaskan fixed public 


kan coastal 
Alaskan fixed public 
Maritime radiolocation 
pone fixed 


Forestry-Conservation 
Highway maintenance 
Special emergency 
State guard 


NE Siau chs 535 5e0c8.% 


RO ts at airy Ha gee 


Public — Services: 


re 

Forestry-Conservation.... 
Highway maintenance... - 
Special emergency J 
pS Sees eae aoe 


Land Transportation Services: 
ailroad 
Urban transit 
Intercity bus 
Taxicab_...._. 
Highway truck - 
Automobile emergency - - . 


Citizens ? 


Pe aiabntiadisesnieusrascuat 
tation Services: 


Hiehwoy 
Autom 
Citizens 


Special industrial 


ile emergency w-power industrial 
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Total 
Industrial Services: 
Powe 


Amateur and Disaster Services: 
Amateur? 


Total 


Grand total 


137, 687 | 399, 962 


‘ iy hopant i includes an estimated 750 land and 9,000 mobile Civil Air Patrol stations, 


4 As of June 30, 1952, 


113, 163 
212, 517 


Nore.—A station is defined as a separate license or construction-permit authorization, 
For example, 65 mobile units operating on 1 license are counted as 1 station, 
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See also Caldwell-Clements Statistics in World Almanac, Encyclopaedia Britannica, National Conference Board Economic Almanac, and ‘‘Information Please’’ Almanac 
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Investigations of complex waves take great strides forward when either a Waterman SAR or LAB PULSESCOPE is employed, 
Their compactness, portability and precision have established a new high in pulse measurement instruments for all electron 
work. Each PULSESCOPE has internally generated markers which are synchronized with the sweep with the basic difference thal 
the sweep in the LAB PULSESCOPE initiates the markers while in the SAR PULSESCOPE it is the crystal controlled markers which 
initiate the sweep. Power supply requirements of 50 to 1000 c.p.s. at 115 Volts permits operation almost anywhere. 


The SAR PULSESCOPE, model S-4-A, is characterized by 
a pulse rise time of 0.035 microseconds thru a video amplifier 
with a sensitivity of 0.5 Volts p to p/inch. A vertical delay 
of 0.55 microseconds is optional. A and S sweeps covering 
a continuous range from 1.2 to 12,000 microseconds are 
augmented by R sweeps, which in turn are variable from 
2.4 to 24 microseconds. A directly calibrated dial permits 
R sweep delay readings from 3 to 10,000 microseconds. 


The LAB PULSESCOPE, model S-5-A, has equivalent rx 
time of 0.035 microseconds, a fixed 0.55 microseconds vertical 
delay and 0.1 Volts p to p/inch sensitivity, so arranged # 
to assure portrayal of leading edges on displayed signak 
A precision calibrated voltage is provided as well as a 
optional sweep expansion of 10 to 1. A built-in trigga 
generator voltage is available for synchronizing any ase 
ciated test equipment. 


WATERMAN RAYONIC, CATHODE RAY TUBE DEVELOPMENTS 


Since the introduction of the Waterman RAYONIC 3MP1 for miniaturized oscilloscopes, 
scientists in our laboratories have diligently searched for more perfect answers to present day 
cathode ray tube problems. Such research led to the introduction of the revolutionary new 
3SP and 3XP type cathode ray tubes. These tubes were designed with multi-trace oscilloscopy 
in mind. Every avenue of practical design was explored to produce tubes with bright, sharp 
traces and high deflection sensitivity at medium anode potentials. 


PHYSICAL DATA 


TYPICAL VOLTAGES 


DEFLECTION 


FACTOR V/IN. MAX. VOLTS 


Face Length Base Anode #3 


Anode #2 


Anode #1 


Grid #1 


D3 to D4 


Anode #3 


Anode #2 


3 inch 
Round 


Medium 
Diheptal 
. 12 Pin 


300 to 515 


—22.5i0 —67.5 


127 to 173 


94to 128 


3000 
4000 


400 to 690 


170 to 230 


125 to 170 


4000 


2000 


3 inch 
Round 


8 inches 


Small 
A 


200 to 350 


Oto —68 


140 te 190 


130 to 180 


12 Pin 


400 to 700,|' 


{Oto —126 


280 to 380 


60 to 360 


— 
° 


2500 | 


1x3 
inches 


9.12 inches 


Small 
A 


165 to 310. 


—28.5 to —67.5 


73 to 99 


52 to 70 


12 Pin 


330 to 620 


—58 to —135 


146 to 198 


104 to 140 


—! 


2750 


1¥%x3 


3xP inches 


Loctal 


400 to 690 


—22.5 to —67.5 


68 to 92 


25 to 35 


2750 


__ Visit Our Booth 1-414, IRE SHOW, MARCH 23rd to 26th — 


The HIGH, WIDE and TWIN POCKETSCOPES have 
become the “triple threat’ of the oscilloscope industry. 
Their small size, light weight and incredible performance, 
has skyrocketed this team of truly portable instruments 
into unparalleled prominence. Each oscilloscope features DC 
coupled amplifiers in both its vertical and horizontal chan- 
nels. The HIGH GAIN, S-14-A POCKETSCOPE, has a 
vertical sensitivity of 10 millivolts rms/inch, and a frequency 
response within —2 db from DC to 200 KC, while the WIDE 
BAND S-14-B POCKETSCOPE is characterized by fre- 
quency response within —2 db from DC to 700 KC and a 
sensitivity of 50 millivolts rms/inch. 


The INDUSTRIAL POCKETSCOPE, PQCKETSCOPE 
model S-11-A, has become America’s 


most popular DC coupled oscilloscope 
because of its small size, light weight, 
and unique flexibility. This compact 
instrument has identical vertical and 
horizontal amplifiers which permit the 
observation of low frequency repetitive 
phenomena, while simultaneously elimi- 
hating undesirable trace bounce. Each 
amplifier sensitivity is 0.1 Volt rms/inch. 


The frequency responses are likewise <A 
identical, within —2 db from DC to 9-!!- 
200 KC. 


Discover for yourself the amazing utility 
of this tiny work-horse of industrial 
electronics. 


Write for your 


subscription 
“POCKETSCOOP” 


A 
WATERMAN PRODUCTS 


The TWIN POCKETSCOPE is essentially two HIGH 
GAIN POCKETSCOPES with individual cathode ray tubes, 
amplifiers, controls, but a common sweep generator. All 
these are endowed with many identical characteristics. Their 
sweep generators can be operated as triggered or repetitive 
over a frequency range from 0.5 cycles to 50 KC, with 
synchronization polarity optional. Return traces are blanked 
and provisions are made for modulating the intensity in 
each cathode ray tube. 


Laboratory quality has not been sacrificed in order to 
accomplish portability and ruggedness. Investigate the many 
advantages of Waterman POCKETSCOPES. 


RAKSCOPE, The S-12-B RAKSCOPE is a rack 
mounted , JANized vi ized version of the famous 


Waterman S-11-A POCKETSCOPE, with 
the addition of a triggered sweep and a 
special calibrating circuit for rapid 
frequency comparisons. The entire 
oscilloscopes built to occupy but seven 
inches when mounted in a standard 
relay rack. 


Because provisions are made for apply- 
ing input signals from the rear, as well 
as the front, the S-12-B is the ideal 
combination, systems monitor and 
trouble-shooting oscilloscope. Investi- 
gate the multiple applications of this 
instrument as an integral part of ‘your 
own rack mounted apparatus. 


PHILADELPHIA 25, PENNA., U.S.A. 
CABLE ADDRESS, POKETSCOPE, PHILA. 
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At the Glenn L. Martin 
Co., Baltimore, Md., Amer- 
ican Beauty Soldering 
Irons are used to fasten 
parts to an overhead switch 
control panel for the pilot’s 
compartment of Martin 
4-0-4 twin-engine commer- 
cial transports. 


American Beauty 
makes perfect Soldered Connections 


FOR THE GLENN L. MARTIN CO. 


HERE’S WHY AMERICAN BEAUTY is the Stand- 
ard-of-Perfection on the world’s production lines... 
stccady > anes giaiaanes long life and efficiency are de- 
manded ... 


TEMPERATURE REGULATING 


STAND 


Thermostaticall 
trolled to maintain 
Iron at an 
perature while at. rest. 


Write for 
Free Literature 


con- 
eat of 
desired tem- 


Nickel-coated, corrosion-resist- 
ant tips, easily and quickly re- 
placed 


Super-flexible cord, American 
Beauty made, resists wear due 
to flexing 


Heating element of chrome- 
nickel ribbon resistance wire 


Insulated with pure mica 
Built-in adapter for ground wire 


Five sizes ... from 50 to 550 
watts 


AMERICAN BEAUTY Electric Soldering 


” 


Irons are Service Proven... 


since 1894 PLCs 


AMERICAN ELECTRICAL HEATER CO. 
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GUARANTEED CIRCULATION 21,000 


Because of the natural lag in auditing, 
never catching up with current circula- 
tion in an expanding industry, on audit 
for the calendar year 1953 will not be 
made until the summer of 1954. In the 
meantime, Caldwell-Clements, Inc. will 
furnish sworn statements and post office 
receipts for the current 21,000 guaran- 
teed circulation. 

TELE-TECH* is edited for top-level engi- 
neers and executives throughout the 
electronic industries. It gives the busy 
engineering executive authoritative in- 
formation and interpretation of the 
latest developments and new products, 
with emphasis on subjects of engineering 
import and timeliness. Special attention 
is given to: 

MANUFACTURING 


—Electronic equipment, communications, 
broadcasting, microwave relay, instru- 
mentation, telemetering and comput- 
ing. 

—Military equipment including radar, 
sonar, guided missiles, fire controls. 

—TV-FM-AM receivers, phonographs, 
recorders, reproducers, amplifiers. 

OPERATION 


—Fixed, mobile and airborne communi- 
cations in commercial, municipal, avi- 
ation and government services. 

—Broadcasting, video and audio record- 
ing, records, audio and sound systems, 
motion picture production. 

—Military, civilian and scientific elec- 


tronic comput ind control systems. 
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Exclusive mounting makes the heater an 
integral part in the Teletron gun. 

In the Du Mont Teletron, the heater “feet” are 
welded to stainless steel lugs which accurately 
position the heater on a ceramic disc. The result 
is a firmly welded, vertically aligned assembly 
which is inserted in the control grid cup and auto- 
matically positions the heater within the cathode. 
This eliminates -critical, uncontrolled-hand posi- 
tioning of the heater. Positive centering prevents 
chafing of the delicate heater coating and avoids 
heater-to-cathode shorts. 


Less open-heater failures 

Stronger connections obtained by welding the 
tungsten heater “feet” to the stainless steel lugs 
rather than directly to the nickel stem leads, 
greatly reduce open heater failures. 


—puMOM 


’ 1@ positioning; e€ 


shorts resulting tTrom uUpTture 


neater coating, as shown below 


Greater heater efficiency 

When the control grid is assembled, the distance 
between the top of the heater’ helix and the outer 
ridge of the ceramic disc controls the depth to 
which the helix is seated inside the cathode. 
Optimum-depth seating is thus predetermined, 
insuring maximum heater efficiency. 


Du Mont quality control of heater design 
and assembly builds longer, fuller, trouble- 
free life into every Teletron. 


IIE *K 
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GQ4 is an almost pure iron powder consisting of spherical particles which 
are readily compressible, resulting in high permeability. In this respect, 
it exceeds all other Carbonyl Iron Powders by a considerable margin. The 
particles possess an efficient insulating coat. The powder wo. designed 
to replace HP, mixtures of HP and L, and, in some instances, L itself. Its 
properties are such that it should yield simultaneously, higher Q value, 
higher strength and often, higher permeability, than mixtures of HP and L. 


c Fame iron We urge you to ask your core maker, your coil winder, your industrial 
ufos ders designer, how G A & F Carbonyl Iron Powders can increase the efficiency and 
performance of the equipment or product you make, while reducing both the 

Vy cost and the weight. We also invite inquiries from those whose requirements 

call for still greater variations than are offered by any of our existing types. 


~ ANTARA 


3 e808 68 
cHemicAtS § (W 


This wholly new 32-page book offers you the most comprehensive 
treatment yet given to the characteristics and applications of G A & F Carbonyl 
Iron Powders. 80% of the story is told with photomicrographs, diagrams, 


performance charts and tables. For your copy—without obligation—kindly 
address Department 44. 
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horizons unlimited 


. Inhibitions must be stifled if creative development is to have full 
freedom of expression. Only with a young, imaginative, 
“of course it can: be done”’ attitude are the 
great advances of this modern era accomplished. 


efayv 


has earned its place among the leaders in precision instrumentation 
on the record of its virile development and production staffs. 
Throughout its cumulative years of accomplishment, Ketay has confined 
its efforts to the development, engineering, and production of new 
types of electro-mechanical and electronic equipment. 


Today, industrial and government orders almost fill the Ketay 
plants on both coasts. Currently in production is the miniturized 
highly precise Ketay Resolver—a type which opens new 
horizons in automatic control operations. Ketay de- 
velopments are geared to performance above and 
beyond present military standards—which, in turn, 
were set by earlier Ketay product capabilities. 


SYNCHROS SERVOS 
RESOLVERS |§ MAGNETIC AMPLIF 
AUTOMATIC CONTROL SYSTEMS 
ELECTRONIC EQUIPMENT 
Tomorrow, and for many tomorrows to come, 


Ketay is dedicated to a relentless search for new ways 
to solve the electronic problems of American Industry. 


elay ee ae same 


New York, N.Y. 


erecta =) te Executive offices: 555 Broadway, unerat York 12, N. og 


EEQTZNSITTS of precision instruments 
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HERMETIC is now actively engaged in the develop- 
ment of hermetic seals for both point contact and junction 
transistors. These are being designed for plug applications, 
feed-through connections, fuse-type mounts, etc. Typical of 
other HERMETIC innovations, they will be noted for accuracy, 
sub-sub-miniature designs and a variety of shapes and flanges 
to fit every form of housing. In addition, it will be possible to 
use these new hermetic seals for both single and double mount. 


for information and assistance concerning your own 
transistor problems. Please submit sketches indicating mounts, 
limiting dimensions, number and size of contacts and any 
other applicable specifications. 


CEPTS NEE IES ENERE 28 Ric NRA ORR Re IEEE LO en 
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HERMETIC’s 32-page catalog is also available with a wealth 
of data on hermetic seals. Your copy is free! 


aan DE mon F 


33 South Sixth St., Newark 7, New Jersey 


FIRST AND FOREMOST IN MINIATURIZATION 
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“Check your air, Sir?” 


OS a ee 


Air compressor and tank are at right. Long cyl- 
inders on rack dry air before it enters cables. 


He’s checking the air pressure in a branch cable, one of 
scores serving a town. The readings along the cable are 
plotted as a graph to find low-pressure points which indi- 
cate a break in the protecting sheath. 


To keep voices traveling strongly through telephone cables, you have 
to keep water out. This calls for speed in locating and repairing cable 
Sheath leaks—a hard job where cable networks fork and branch to 
serve every neighborhood and street. 


At Bell Telephone Laboratories, a team of mechanical and 
electrical engineers devised a way to fill a complex cable system with 
dry air under continuous pressure. Pressure readings at selected 
points detect cracks or holes, however small. Repairman can reach sel iba Seni tape ha sinlanes tates 


. « . networks which leave a telephone office in all 
the spot before service is impaired. directions to serve a community. Air enters the 


system at 7 pounds pressure, but may drop to 2 
? . : * : 
It’s another example of how Bell Laboratories works out ways to . | Pounds in outermost sections—still enough to 


keep dampness out. 
keep your telephone service reliable—and to keep down the cost to you. 


BELL TELEPHONE LABORATORIES 


Improving telephone service for America provides careers for creative men in mechanical engineering 
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This continuous roll machine at the C-D-F, 
Bridgeport, Pa. plant makes top quality sheet 
fibre for electrical insulation. Corrosion- 
resistant rollers are made from laminated 
Dilecto, another famous C-D-F product. 


DIAMOND 
VULCANIZED 


e mechanically and electrically strong 
¢ moisture, arc and chemical resistant 
e high dielectric strength 


z e easily machined and formed 
oe e low-cost with long life 


watched all the way... 


DIAMOND VULCANIZED FIBRE 


Naturally it takes a big, well-equipped company like C-D-F to make fibre. It also 
requires a special brand of know-how and long experience to take rag paper (we 
make our own), zinc chloride and water and come up with a low-cost uniform 
product that can be adapted to a million uses. 


Maybe you think that vulcanized fibre has been replaced by many newer, more 
publicized materials. Actually Diamond Vulcanized Fibre today has more appli- 
cations, more unique qualities, more product design value than ever before. 


If you need a dependable source for bone, commercial, Diamond “fish paper” 
2 insulation, tubes, rods, receptacles . . . talk to the man who knows . . . your C-D-F 
sales engineer (offices in all principal cities), or write C-D-F, Newark, Delaware. 


to THE NAME TO REMEMBER DIAMOND VULCANIZED FIBRE 


NEWARK 101, DELAWARE 


TELE-TECH & ELECTRONIC INDUSTRIES * March 1953 


THE CINEMA 4031-B 
PROGRAM EQUALIZER 


Used in all types of speech input equip- 
ment. The 4031-B corrective equalization 
saves on recording retakes; improves 
tonal quality; provides emphasis when 
needed during the program. Widely used 
in Motion Pictures, T-V, Recording and 
Miltary Communications. 


Write for descriptive literature. 


IN NEW YORK: Audio & Video Products Corp. * 730 Fifth Ave. * Plaza 7-3091 
1510 WEST VERDUGO AVENUE, BURBANK, CALIFORNIA 


EXPORT AGENTS: Frazar & Hansen, Ltd. * 301 Clay Street * San Francisco, California, U.S.A. 


TROUBLED 
WITH THE SPONSOR'S 


FALSSE TEETH 
WHISSTLE? 


PRRECT IT WITH A 
PROGRAM EQUALIZER! 


but one of scores of different functions performed 
t’s easy to sell the boss on this addition to your 
rst re-recording demonstrates the difference to 
the boss is sure to be sold. Enjoy that pleasant 


hen the public reacts to your latest sound work. 


P urchase of a 4031-B Program Equalizer today! 


YOUR THE CINEMA 6517-D 
AUDIO VARIABLE LOW AND HIGH FREQUENCY FILTER 


IS 
ENTITLED 


TO THE Cut off characteristics ideal for shorten- 

ing frequency range; providing sound 

BEST effects, such as telephone, whispering, 

spooks, etc. Clickless control allows in- 

sertion upon cue. Used in Motion Pictures, 
T-V, and Scientific Laboratories. 
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You ll Find the 
Right Protection 
Every Time When 
You Look to 


3 U SS FOR 


Kk. A COMPLETE LINE FOR TELEVISION - RADIO - RADAR - 
INSTRUMENTS + CONTROLS - AVIONICS 


For almost four decades, BUSS and A COMPLETE LINE OF FUSE CLIPS, 
BLOCKS AND HOLDERS 


-- § has specialized in the production of fuses that 
are unexcelled for dependability and quality. 
Today, this experience and forward-looking 
BUSS research combine to give you the most 
complete line of fuses for modern needs. 


Your added assurance of BUSS dependa- 
bility is the rigid testing every fuse must under- 
go. Sensitive electronic testing devices check 
BUSS fuses for proper construction, correct 
calibration and accurate physical demensions. 


Turn To BUSS Engineers With Your 


Fuse Problems. Peon se ee ee es 
They will be glad to assist you in: selecting B sussmANN Mfe. Co. (Division of McGraw Electric Co.) 
the fuse to do the job best... and if a a eee ee ee 
ge a fuse that will be available from BUSS small dimension £8 oni iders. 
Ocal wholesaler’s stocks. 
i Name 
If your protéction problem is still in the. ae 
engineering state, tell us current, voltage, load 
characteristics etc. BE compen 
: Address 
' BUSSMANN Mfg. CO., Division McGraw Electric Company City & Zone State 11-353 


University at Jefferson, St. Louis 7, Missoari 
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WHAT ABOUT 


Stability 


om, PRECISION WIREWOUND resistors? 


Stability—the most intangible and least under- 
stood resistor characteristic—is extremely important 
in critical electronic applications requiring mass- 
produced precision wirewound resistors. Unfortu- 
nately, a truly stable resistor of this type has never 
been made. If it could, such a resistor would never 
change in ohmic value despite environment, power 
dissipation, or time. The aay way to obtain stability 
is to minimize the factors that work against it—un- 
favorable environment, power dissipation, and time. 


ARTIFICIAL AGING IMPROVES STABILITY — The 
processes of winding, terminating, and impregnating 
a resistor produce strains in the winding. These must 
.be relieved if the resistor is to remain stable at vari- 
ous temperatures. This is done by artificial aging— 
periodically subjecting the resistor to high ambicnt 
temperatures and power dissipation. 


Hidden material and manufacturing faults can 
destroy stability. The effect of such faults can be 
accelerated by overload testing and temperature 
yi. extremes of high and low temperatures. 

t 


After this, unstable resistors ~_ readily be detected 
by measurement and eliminated. 


HUMIDITY AND IMPREGNATION—Absorption or 
adsorption of moisture by the winding, bobbin, 
impregnant, or label can appreciably lower resist- 
ance. Unless impregnation is adequate, the wire may 
corrode at the terminating points. In the presence of 


a polarizing voltage electrolysis may also take place. 
Shallcross uses high grade steatite bobbins, carefully 
inspected wire, special “BX” impregnation, and a 
three-layer acetate label for protection against 
humidity. For severe humidity—including salt water 
immersion—Shallcross manufactures resistors which 
are hermetically sealed in steatite. 


POWER DISSIPATION AND BREAKDOWN—Elcc- 
trical energy, when converted to heat, affects sta- 
bility as mentioned in connection. with the artificial 
aging process. The potential gradient concurrent 
with high power may also cause insulation break- 
down between turns, thus lowering resistance per- 
manently or temporarily. 


The effects of power dissipation may be minimized 
by using wire and bobbins of the largest practicable 
sizes. If size is restricted, the resistor must be oper- 
ated within the conservative ratings and deratings 
of JAN and Mil Specifications. Within these ratings, 
and in normal indoor environments, a stability of 
1/10 tolerance can be expected without spccial 
treatment, 


TIME—The insulating elements of the best resistor 
will deteriorate with time. However, an aged and 
selected resistor operating in a fixed environment 
with negligible power dissipation can have a stability 
of +0.001%. Under severe conditions, but within 
commercial ratings, a standard Shallcross resistor 
will have a stability better than 4 tolerance. 


Further details on Stability and other resistor characteristics are available in Shallcross Bulletin R-3C. 


SHALLCROSS MANUFACTURING COMPANY 


518 PUSEY AVENUE, COLLINGDALE, PA, 


See Us At the I.R.E. Show — Booths 2-210 and 2-211 
The second of a series to promote a better understanding of the performance characteristics of precision wirewound resistors, 
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TO KEEP GUNS STABILIZED 
over rough terrain 


Visit Our Booth 
# 2-315 
LR.E. SHOW 
March 23-26 
N.Y.C. 


Wer open area a tank pitches and heaves like a rocking 

ir: ..but regardless of the bumps... ditches... hills 

. the guns keep pointing at the target while the tank is 

oving. Ford Instrument Company played a vital role in 

igning and manufacturing a stabilizer unit for the tank’s 
fire control system. 


You can see why a job with Ford Instrument Company 
Offers a challenge to young engineers. If you qualify, 
there may be a spot for you in automatic control 

development at Ford. Write for illustrated brochure. 
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This is typical of the problems that Ford has solved since 
1915. For from the vast engineering and production facilities 
of the Ford Instrument Company, come the mechanical, 
hydraulic electro-mechanical, magnetic and electronic instru- 
ments that bring us our “tomorrow” today. Control problems 
of both Industry and the Military are Ford specialties. 


FORD INSTRUMENT COMPANY 


DIVISION OF THE SPERRY CORPORATION 
31-10 Thomson Avenue, Long Island City 1, N. Y. 


Will your achievements be recog- 
nized? Will you be associated with 
distinguished scientists and engi- 
neers? Will your work provide a 
challenge for your talent and ability ? 
Will your position and income be 
founded upon your real merit? 


At RCA, you'll: find plenty of 
“future insurance”’. .. and right now 
is the time to investigate RCA 
opportunities. Because RCA is now 
looking for experienced ELECTRONIC, 
ComPutTER, ELECTRICAL, MECHANI- 
CAL, and COMMUNICATIONS ENGI- 
NEERS . . . PHYSICISTS . . . METAL- 
LURGISTs . . . PHysIcAL CHEMISTS 
..- CERAMISTs . .. GLASS TECHNOL- 
oGists. Whichever your specialty, 
there’s a chance of a lifetime for a 


ON FOR ALL ENGINEERS: 


Where will you be 
0 years from now? 


career with RCA—world leader in 
electronic development, first inradio, 
first in recorded music, first in tele- 
vision. RCA wth has remained 
steady through war and depression 
... you'll find positions open today 
in many commercial projects, as 
well as military lines. 


WHY RCA IS A GOOD PLACE 
FOR YOU TO WORK 


Facilities for creative engineering are top- 
notch. Wor conditions and associates 
stimulate you. Periodic merit reviews help 
ou_advance in grade and income. Your 
amily can enjoy pg country or sub- 
urban living. RCA encourages growth of 
your professional status and recognition. 
Ss gg pe ne benefits—including life, ac- 
cident a ye tomer gear insurance—in- 
crease your feeling of security. You look 
forward to retirement through a progressive 
program. RCA a modern tuition refund 
plan for advanced study at recognized 
universities. 


Personal interviews arranged in your city. 


Please send a complete resume of your education and experience to: 


MR. ROBERT E. McQUISTON, Manager, Specialized Employment Division 
Dept. 203-C, Radio Corporation of America, 30 Rockefeller Plaza, New York 20, N.Y. 
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Positions Open In 
RESEARCH—DEVELOPMENT— 
DESIGN— APPLICATION 


in any of the following fields: 


RADAR— Circuitry — Antenna Design—Servo Sys- 
tems—Information Display Systems—Gear 
Trains—Stahble Elements—Intricate Mechanisms 

COMPUTERS— Digital and Analog—Systems Plan- 
ning — Storage Technique — Circuitry — Servo 
Mechanisms—Assembly Design—High Speed 
Intricate Mechanisms 

COMMUNICATIONS — Microwave — Aviation — 
Mobile—Specialized Military Systems 

MISSILE GUIDANCE—Systems Planning and Design 
—Radar and Fire Control—Servo Mechanisms 
—Vibration and Shock Problems 


NAVIGATIONAL AIDS — Loran — Shoran — Altim- 
eters— Airborne Radar 

TELEVISION DEVELOPMENT— Receivers—Trans- 
mitters and Studio Equipment 

COMPONENT PARIS—Transformer—Coil— Relay 
—Capacitor—Switch— Motor— Resistor 

ELECTRONIC TUBE DEVELOPMENT— Receiving — 
Transmitting—Cathode-Ray—Phototubes and 
Magnetrons 

ELECTRONIC EQUIPMENT FIELD ENGINEERS — 
Specialists for domestic and overseas assign- 
ment on military electronic communications 
and detection gear. 


RADIO CORPORATION of AMERICA 


Sys- 

rear 

isms 

lan- 

rvo 

eed 

‘_ 

sign 

sms 

im- 

ans- 

‘lay Astron manufactures a complete line of dry electrolytic 
( capacitors, metallized paper capacitors, plastic molded 

‘i= capacitors, subminiature paper capacitors and standard 

and and subminiature RF interference filters for every radio, 

; television and electronic use. 

] er - . 

ign- DEPEND ON —INSIST ON 

ons 


255 Grant Avenue, E. Newark, N. J. 


Export Division: Rocke International Corp., 13 E. 40th St., N.Y.C. 
In Canada: Charles W. Pointon, 1926 Gerrard St. East, Toronto. 
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When the Heat’s on.. 


there’s No Substitute for 


TRON 


TYPE AQ 


upminiature 


PAPER CAPACITORS 


Astron Type AQ Subminiature Paper Capacitors 

are designed for dependable operation at temperatures 
up to +125°C. without derating—thanks to Astron’s 
newly developed high temperature impregnant, 
X-250*. They also provide exceptional capacitance 
stability over the wide range of - 65°C. to +125°C. 


High insulation resistance, low power factor, unusually 


low resonance loss, and high test voltage are achieved 
in an amazingly compact and rugged unit meeting 

all Armed Forces requirements. All AQ’s are non- 
inductively wound in an extended foil construction. 
Glass-to-metal seal terminals assure positive hermetic 
sealing. And Astron AQ’s are supplied in a variety 

of construction styles to meet your specific needs. 


Write for engineering bulletin, containing test 
specifications and performance characteristics of 
Astron AQ Subminiatures, today. 


Visit Astron at the I.R.E. Show, Booth 4-707, 
Grand Central Palace 


*Trade Mark 


19 


Aennin 
z= RADIO y 


VACUUM ELECTRONIC COMPONENTS 


sinebbeotenasigmossnezah 


SEE US AT THE MARCH 1.'R. E. ELECTRONICS SHOW, BOOTH 4-211 


JENNINGS RADIO MANUFACTURING CO. - 970 McLAUGHLIN AVE. 
P.0. BOX 1278 - SAN JOSE 8, CALIFORNIA 
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ANOTHER FIRST! 


The Cleveland Container Company See et mee ee 
originates and is now producing for the 
electronic and electrical industries . . . 


a ies scone TORKRITE 


ADVANTAGES: 
ad CLEVELITE* EE INTERNALLY THREADED AND EMBOSSED TUBING. 
TORKRITE’S re-cycling ability is 


numatched. TORQUE AND STRIPPING PROBLEMS ARE NOW ELIMINATED! 


Miter a maximum diameter core Electronic engineers find that TORKRITE, this newly designed and 
has been re-cycled in a given form constructed Coil Form, has definite advantages over all other types 


® reasonable number of times, a requiring the use of threaded cores. 


Minimum diameter core can be 
inserted and measured at 1” oz. TORKRITE is one of the many items of CLEVELITE . . . a complete 
approximately. line of tubing for coil forms, collars, bushings, spacers, tubes and 
other items.’ 
ToRKRITE has no hole nor per- 
ations through the tube wall. CLEVELITE has long been giving continuous satisfaction because 
This eliminates possibility of ce- of its dependable performance, uniformity and close tolerances. 
tment leakage locking the cores. 
: Consult our Research and Engineering Laboratory. 
TORKRITE allows use of lower It is at your service. 
Torque as it is completely indepen- 
dent of stripping pressure. WHY PAY MORE? FOR THE BEST... CALL CLEVELAND! 


3 ) ith TORKRITE torque does not *Reg. U. S. Pat. Off. 
“Mcrease after winding, as the 
Heavier wall will not tend to col- 


legisla Ue CLEVELAND CONTAINER G35 


a. Sallehle in lengths 3,” to 314” 6201 BARBERTON AVE. CLEVELAND 2, OHIO 


t 1. PLANTS AND SALES OFFICES at Plymouth, Wisc., Chicago, Detroit, Ogdensburg, N.Y., Jomesburg, N. J. ‘ 
= fit a 4-28 core. ABRASIVE DIVISION at Cleveland, Ohio 
CANADIAN PLANT: The Cleveland Container, Canada, Ltd., Prescott, Ontario 


7 Pe . Fs 
Thee our Exhibit +:2-309 at the REPRESENTATIVES 
e Radio Engineering Show in NEW YORK AREA R.T. MURRAY, 604 CENTRAL AVE., EAST ORANGE, N. 2. 


NEW ENGLAND RS. PETTIGREW & CO, 62 LA i 
New York City, March 23-26. ei Se E AS NSN SI NRE, 
CHICAGO AREA PLASTIC TUBING SALES, 5215 N. RAVENSWOOD AVE, CHICAGO [ 


- 


* * * 
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IRC BT RESISTORS 
ARE FIRST 


“By . yu consider most 
— important, IRC filament type BT resistors lead __ 
the industry. The next time you specify insulated 
composition resistors remember—it pays to 
do business with the leader. Most people do. 


les? insulated resisior ae 
available anywhere This coupon brings you full data on IRC BT Resistors 


INTERNATIONAL RESISTANCE COMPANY 
407 N. Broad Street, Philadelphia 8, Pa. 

Please send me full data on IRC Advanced Type BT Resistors: — 

[-_] Also name and address of nearest IRC Distributor who can furnish 
speedy delivery of BT resistors in small quantities. 


NAME 


MICROWAVE RECEIVERS 


1000—10,750 mc 


Four microwave receivers of high sensitivity, 
wide tuning range and _ selectivity. Image 
rejection is greater than 60 db. Gain stability 
better than +2 db, permits application as a 


field intensity meter. 


MICROWAVE SIGNAL 
SOURCES 


Models SSR, SSL, SSS, SSM SSX, 
634 MC to 10,750 MC 


A reliable source of microwave energy in 
transmission loss meaurements, standing wave 
determination, etc. Unidial Control for accu- 
racy and ease of operation. Direct reading 
(no mode charts to consult). 


MICROWAVE SIGNAL 
GENERATOR 


Model MSG-4 
7,000 mc—10,750 me 


An ideal source of an mer cara known sig- 
nal voltage, precisely modulated. Sensitivity 
frequency and ormance of radio and 
radar equipments in the frequency range 
from 7 to 10.75 kme can be readily measured 


on this continuously variable, direct reading 
signal generator. 


+4 


: r 
seueaame 
. | - ; 


RADIO CUE 
SYSTEM 


Model AB 


Used to direct the activities of persons within a 
limited area from a central control point. Widely 
used in broadcast and motion picture studios (sound 
and television). Ideal for factories, yards, hangars, production use. TV Synchronizing and pic- 


TELEVISION 
DISTRIBUTION AMPLIFIER 
Model TDA-1 


Isolates. and distributes television signals 
over transmission lines for station and 


airports, auditoriums, and places where the noise ture signals, monochrome and color 
level is high. The Radio Cue System permits efficient can be distributed to as many as five 
operation under difficult conditions. separate points. 


oe eee See 3 bred cxtempa thes 


See us at Booth 2-511, Radio Engineering Show 
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' 
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REGULATED POWER UNITS 


All Band, Direct Reading 


QOVED SPECTRUM ANALYZER 


iw Model LSA 
10 MC to 21,000 MC 


The Model LSA is the resuli 
MODEL PT111 
Consists of a itive and 


of years of research and de- 
F a negative vo! 
It provides a ind Pe pon to ta 


MODEL PT111D 


(Dual Regulated) 
Consists of two in- 


velopment. 
simple and direct means of 


rapid and accurate measure- 
ment and spectral display of 

dependently regulated 

D.C. power sources 


an rf signal. 3 
(isolated from ground), 
mounted on one chassis. 

@ Frequency accuracy 1 per- Each power source has 

3 its own power switch, 
cont fuse,. pilot light and 
voltage control; 


MODEL PT112 


@ Broadband attenuators sup- Hoare an are 3 
power source. ? 


plied from 1 to 12 KMC. 


@ No Klystron modes to set. 


@ Frequency marker for meas- 
uring differences 0-25 MC. 


@ Only four tuning units re- 
quired to cover entire range. 


WIDE BAND VIDEO AMPLIFIER 


Model VT 10 CPS to 20 MC 
Designed for use as an oscilloscope deflection am- 
plifier for the measurement and viewing of pulses 
of short duration and rise time. 


Tiss 
egeseas ttt Litstiss 


{ 
i 


ttttt | 


PORTABLE TELEVISION 


STUDIO PICTURE MONITOR 


WAVE FORM MONITOR 
Model TO-1 


Designed for precise wave form analysis 
and amplitude measurement of video sig- 
nal in television circuits. Also ideal as a 
general purpose instrument in many ap- 
plications, because of its wide frequency 
response, high sensitivity, excellent syn- 
chronizing capability, precision calibratin 
circuits and unusually large symmetrica 
horizontal expansion. 


Model M-105 


A high fidelity pictyre monitor of large 
size, sufficient for ease of observation 
under studio conditions. It is a high im- 
pedance device and may be connected 
across a video transmission line without 
affecting the terminal impedance of the 
line. Monochrome and/or color signals in 
black and white reception is provided. 


aa 


See us at Booth 2-511, Radio Engineering Show 
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Compare the first of the new Du Mont line of high-precision 
cathode-ray tubes, the Types 5ADP- and 3WP- with similar cathode-ray 
tubes, previously available. Notice the improved resolution without 

loss in brightness, the greatly tightened tolerances on all critical 
specifications, the greatly increased sensitivity, and the characteristics 


5CP-A 


SADP- 


3GP- 


now specified that have never before been published: 


3WP- 


' Angular Alignment 


90° + 3° 


90° + 1° 


90° + 3° 


90° + 1° 


Grid Cutoff per Kv of Eb2 


30V + 50% 


30V + 25% 


33V + 50% 


40V + 25% 


Deflection Factor 
DCV/in/KV of Eb2 
D1D2 
D3D4 


46V + 15% 
39V + 15% 


30V + 10% 
23V + 10% 


80V + 20% 
70V = 20% 


46V + 10% 
32V + 10% 


No spec 


03” max. 


No spec 


026” max. 


PI Light Output 


No spec 


15 ft. L. 
min. 


No spec 


7ft.L. 
min. 


Modulation’ 


No spec 


45V max. 


No spece 


Deflection Non-Linearity 


No spec 


2% max. 


No spec 


2% max. 


quare $ 
Square size B 


No spec 


3.075” 
2.925” 


No spec 


2.050” 
1.950” 


Minimum Useful Scan 
D102 


=2%4,"" 
from center 
end 24%" 
from center 


“+ 2” from 


center 
+2” from 
center 


+1%” 
from center 
+ 1%" 


from center 


+ 1%" from 


center 
_=1%" from 


center 


Curved 


Flat 


Curved 


Flat 


from qualitative indicators 
to precision measuring devices ... 


with the he W 


SADP- Flat face, high-sensitivity 5-inch 
cathode-ray tube for medium and low ac- 
celerating potentials, 


3wP- The 3-inch version of the Type 
5ADP- with flat face and high sensitivity. 


5XP-A High-voltage tight-tolerance ‘cath- 
ode-ray tube unilaterally interchangeable 
with the Type 5XP-. 


* Available in 


1The amount of grid voltage required to drive the tube from cutoff to specified light one 
2With . — pattern adjusted so that wider points just touch Square A, no point will lie within 


Production Quantities 
. write for prices 
ALLEN B. bu MONT LABORATORIES, INC. 
1500 Main Ave., Clifton, N. J. 
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6% . of all U.S. TV stations a_i 
Houston-Fearless equipment ie 


BETTER SHOWS 


are produced with 
HOUSTON-FEARLESS EQUIPMENT 


Pe 
e 
| 

a 


‘Too flight television showmanship is dependent not 
only on capable writers, producers and cameramen, 
but also on reliable studio equipment that will pro- 
duce any desired camera effect smoothly and quietly 
with a minimum of effort . . . and on efficient film pro- 
cessing equipment that opens vast new sources of 
program material. That's why 98% of all U.S. tele- 
vision stations, as well as motion picture studios in 
Hollywood and throughout the world, rely on 
\s Houston-Fearless for matchless quality, proved. per- 
\ formance and absolute dependability. : 


In addition to building many models 
not shown here, Houston-Fearless of- 
fers extensive engineering and manu- 
facturing facilities to produce special 
television and photographic equip- 
i ment for your particular requirements. 
Write for information and catalogs. 


She y | | 
HOUSTON a 
\ FEARLESS a 


V4 ‘ / ‘ THE HOUSTON-FEARLESS CORP. 
¢. fic CCTTTO 11805 West Olympic Bivd. 
Los Angeles 64, Calif. 
\ Please send catalogs on [1] Friction Head [1] Tripod 


(J Triped dolly. [] Panoram dolly [J TV Cranes 
CL) Camera pedéstals (] Film Processors 
C] Parabolas CD Remote control parabola 


ee ee ee ee ee 28 ee 
ee 


ee ee 


eee ee ewe ee ewe eee ee BAIN. ee DUA eee eee ee 


¢-3 
methods 


cones 


The C-3 Methods Manual represents a composite of better 
methods for the wiring and assembly of Amphenol cables 
and connectors. All the advocated methods have been 
compared, tested and have passed stringent screening, 
not only by Amphenol’s engineers but by others in the 


= field as well. 


7 inemant 


E-TIPS| 
At 


| 


TEL 
rf 


DINA, IS THERE ANYONE FIN. 
ER? A new twist on the song heroine 
is a compact machine called DINA 
(Digital Network Analyzer). The 
logical basis for this computer has 
been developed at the University of 
Penna. It appears to hold promise in 
solutions of Laplace, Poisson and 
similar equations. Although not as 
imposing as some of its big brothers— 
REAC, SEAC, UNIVAC, RAYDAC 
and others—the charmingly feminine 
name is a welcome guest in the field 
strongly dominated by its male- 
sounding counterparts. 


FEMININE INFLUENCE is 
making itself felt in the telemetering 
field. Just as DINA has entered the 
fraternity of male-sounding com- 
puters, MADAM has been intro- 
duced to the roster of radio tele- 
metering data devices. Designed by 
the Applied Science Corp. of Prince- 
ton, MADAM is used in guided mis- 
sile work. It accepts data in raw 
forms and. inserts appropriate pro- 
cessing for automatic reduction of 
data. Applications in industrial sys- 
tems also suggest themselves. 


INSULATION-EATING MI 
CROBES cause electrical failures 
in underground cables by destroying 
the insulating material. Tests show 
that both natural and GR-S rubbers 
are vulnerable to fungus attack un- 
less made fungitoxic. Even thin neo- 
prene jackets may be permeable to 
fungi. For the benefit of crossword 
puzzle enthusiasts, two typical or- 
ganisms found in the insulation have 
been identified as the Spicaria Vio- 
lacea Abbot and Fusarium species. 


SUPERSONIC FIREFIGHT- 
ING—At a recent “Conference of 
Future Risks” Dale Auck, Director 
of the Fire Protection Div. of the 
Federation of Mutual Fire Insur- 
ance Companies, predicted that su- 
personic waves rather than water 
may be used in the future to extin- 
guish fires. Mr. Auck writes, “The 
matter of fire extinguishment 
through supersonic auditory means 
is merely an outgrowth of a com- 
mon physics experiment with the 
Kundt’s tubes, which demonstrates 
the nodes and anti-nodes of pres- 
sure within a closed tube when it is 
subjected to auditory impulse.” 


| @M PHENOL 
__ MEASURING WAVEGUIDE a 


TING WITH RADIOACTIV- CYA 
is a new wrinkle reported by 
physicists at Armour Research 


undation. Government standards =< 

all for microscopic examination of I 
waveguide cross sections to deter- AO 
mine plating thickness. Present tests LS 


take from three to four hours and 
have the disadvantage of destroying 
the waveguide tested. Bombarding 
waveguides with radioactive ra- 
dium-berylium, however, forms ra- jj 
dioactive isotopes of silver, and the / 
resulting radiation measured by | 


Geiger counters affords a highly ac- 4 
curate picture of plating thickness. xe 
The new process takes only about - 


five minutes, and accuracy is to 10 
millionths of an inch. 


X-RAY EYE which can detect 
liquid or powder levels inside sealed 


metal containers, has been developed # (mr, 
by Milwaukee GE engineers using Jf WSs 
cadmium-sulphide crystals. Ordi- Ro 
narily a non-conductor, cadmium Ss 
sulphide under impact of x-rays, \o 
passes an electric current. Thus to S 


inspect levels of powder in hand 
grenades, beer or juices in cans, etc., 
an 80,000-volt x-ray tube sends a 
beam across the production line, and 
any container not properly filled in- 
stantly operates a relay which 
tosses the deficient container into a 
“reject” box. 


‘visit AMPHENOL & 
booths 1-101 and 1-102 


Lk.t. CONVENTION 
MARCH 23-26, 1953 
me. GRAND CENTRAL PALACE of 


Peet Ses: ~ 


LOUDSPEAKER STANDARD- 
IZATION—Recently a fast and 
simple method of testing loudspeak- 
er’s power output has been reported 
by three physicists at the Armour 
Research Foundation. Technique 
consists of “bottling” speaker output 
in a reverberation room and dispers- 
ing the sound waves evenly and con- 
tinuously by two 6x15 ft. rotating 
vanes, A reading at any point within 
the room shows total output. From 
this figure efficiency can be calcu- 
lated. This new method takes less 
than an hour to perform and entails 
but one reading. By way of contrast, 
the classic method of measuring out- 
put is to sum the sound level read- 
ings around the speaker radiation 
pattern. 


CAR GOING UP! | Station 
WHIO, Dayton, Ohio, is replacing 
its present 500-ft. TV tower with a 
Mew 1,104-ft tower and antenna. 
This new Blaw-Knox structure will 
be equipped with an elevator, en- 
@bling engineers and workmen to 

Tide comfortably to the top of the 
Steelwork to service or adjust the 
antenna, warning lights, etc. 


(Continued on page 49) 


‘New accessibility puts every component at your finger- 
tips. One latch opens both hinged sides and top. Dual 
bar handles provide b 


tter grip and easier carrying 


Ab Here is the all-new TV camera the 

“i. andustry is talking about. The camera 
the leading networks are planning to 

“use in their new Hollywood studios! 
The camera which will be used in 
most of the new stations this year— 
and'next! . 


_ Leading network engineers (after 


 Mey/ 7-inch viewfinder picture 


e tube produces larger, 
* cbrighter, and sharper pictures to help 
, the cameraman. 


= » Mw plug-in, high-stability 
rs video amplifier— with fre- 

ee quency response uniform to 8.5 Mc.! 
My fixed-position alignment, 
coil for the Image Orthi- 


<. ton. Electrical control of coil eliminates 
=, all mechanical adjustments! 


careful tests) have proclaimed the 


TK-11A the finest camera ever pro- 
duced, easiest in the world to handle, 
and the simplest one to get at. 

The TK-11A has all the proven 
performance of the world-renowned 
RCA TK-10—plus these new fea- 
tures: 


Mew lug-in blower for cool- 
i 


ng the deflection coil and 
the Image Orthicon! 


Naw: electronic-protection sys- 
tem guards your Image 


Orthicon against deflection failure, or 
loss of driving signals. 


NW ‘overscan’ control takes 
burden off Image Orthicon 


during warm-ups and rehearsals; new 
vertical reverse switch for film pick-ups. 


Por. eee information on the TK-IIA, 


2, 


call your RCA Broadcast Sales Representative. 


<2, kn tas a a Sa a BS HL « 


RADIO CORPORATION of AMERICA 


ENGINEERING PRODUCTS DEPARTMENT CAMDEN. H.J. 


Speer makes it easy for you 
to choose the right Carbon resistor! 


Speer fixed carbon resistors are made and 
color-coded in compliance with RTMA and 
Jan-R-11 standards. This helps your employees 
to avoid errors—to use the right resistor for the 


circuit every time. 4. Uniformly thick protective covering over the 


Speer resistors are made better — are the right entire length, which eliminates low-voltage 
resistors for every circuit. By using very high breakdown between resistive element and 
pressure to create an inseparable bond between adjicent conductor — makes for minimum 
the protective phenolic shell and the carbon change in resistance when subjected to ad- 
core, Speer gives its resistors these important verse humidity conditions. 


advantages: All shipments of Speer resistors are given nu- 


5: Silcee alicienh Snik transfer merous tests for resistance rating, and are 

Pe : backed by a minimum resistance change when 

2. Gronter ability to sustain overloads for long exposed to an accelerated ten-day humidity test. 

periods of time. Speer manufactures a complete line of 4, 1 and 

2 watt resistors in all standard values from 10 

ohms to 20 megohms. Nonstandard values are 
available for special applications. 


me SPEER RESISTOR DIVISION 


your free copy of Speer SPEER CARBON COMPANY 
St. Marys, Pennsylvania 


Other Divisions: Jeffers Electronics 
International Graphite & Electrode 


3. Uniform diameter resistive element for the 
entire length of the resistor, which eliminates 
weak points and potential burn-outs. 
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Typical Power Output vs. Frequency Characteristics 
For Type 6BM6 


RESONATOR 
MODE VOLTAGE 


1% 325 VOLTS 
2% 300 VOLTS 


Sylvania Electric Products Inc. 
Dept. 3E-3003, 1740 Broadway 
New York 19, N. Y. 


Please send me new catalog describing Sylvania’s line of 
Reflex Klystrons. 


Name 
BN iiss as cts can sock cigaid de cessed lahicadieheslacoilcactiniatiineaicte 
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Through the centuries weight and quality have gone hand in hand. With 
few exceptions, the greater the weight the better the quality. 


The super ocean liner was always the one of the greatest tonnage. The 
5000 horsepower locomotive pulling one hundred car trains was heavier. 
Gold is even among the weightiest of metals and, yes, even the finer air- 
liners are largely superior because of greater weight. There are few ex- 
ceptions indeed where the heaviest is not the greatest in its class. 


This is most assuredly true in commercial radio equipment. There is no 
substitute for more iron in transformers, more copper in windings, addi- 
tional shields around vulnerable audio transformers, larger capacitors 
and full-fledged circuit design . . . weightwise, that is. In short, you 
can’t have it if it isn’t there. 

The moral of this ‘discourse on weight is this: We invite you to check the 
weight of any Gates product. You will often find it heavier. Even so, a 
typical Gates product has both chassis and panel of aluminum. — This 
means the added weight is where it counts, in transformers, capacitors 
and other husky parts. — Gates has never designed to meet a price . . . 
rather, it has priced after bringing forth the best possible design. 


Weight and quality are parallel. The next time you buy .. . check the 
weight. In most instances Gates will tip the scales heaviest. 


GATES RADIO COMPANY © QUINCY, ILLINOIS, U.S.A. 


1929 
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AIRCRAFT TRANSFORMER CORPORATION x 


See our exhibit at Booth 4-213 (Fourth Floor), IRE Radio Engineering Show, 
Grand Central Palace, New York, March 23-26 


Aircraft Transformer Corporation, Long Branch, N. J. « Long Branch 6-6250 + Manufacturers of Inductive Equipment 


Pulse Transformers » Saturable Core Reactors + Metal Encased Transformers + Form Flex + Oil Filled Form Flex »* Wound Cores + 


Epoxy Cast Transformers + High Temperature Transformers » Resonant Charging Chokes 
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Relays 


Al THE 
Everything tor wht TV ls 


GL-6283—250-w G-E driver tube for 
u-h-f transmitters. Air cooled, compact, 
up-to-the-minute in design. Can be in- 
stalled in seconds ! 


Tops IN Power! « e°@ 


GL-6237 through GL-6242—15-kw 
klystrons for final transmitter power stage. 
The 6 types in order handle all frequencies 
470 mc to 890 mc. G-E klystrons are the ; PO 
highest-power u-h-{f TV tubes, giving superior wt 5a ~~ 


eeee YEARS OF ELECTRICAL gf 
transmission at 200 kw E.R.P. ae ee 
ae 
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MAKE HEADLINE Ni 
ARE. SHOWS 


TV DESIGNERS: see these—and other—G-E pace- 
setting u-h-f types at the March I.R.E. Show. Get 
all ratings and characteristics! TY MANUFACTUR- 
ERS: learn how G-E tubes can help you successfully 
(1) meet stiff 1953 price competition, (2) establish 
new, higher standards of equipment performance, 


both transmission and reception! 


&2-Channel Taner Inodes 


Trio of G-E tuner tubes for TV receivers, with 
a combined y-h-f, u-h-f frequency range that 
makes single-dial 82-channel tuning practical 
and economical. 


GENERAL @® 
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Wollensak TV Raptar Lenses are specially designed for tomor- 
row’s advancements as well as today’s television requirements 
...are designed specifically for TV cameras. TV Raptars come 
complete, with camera mounts an integral part of the lens... 
not to be added later by some other supplier. From start to finish 
... from the selection of the raw materials to the last of many 
inspections ... every operation is done in the Wollensak Optical 
plants. This assures you of the finest of TV images. 

There are 14 Wollensak TV Raptar Lenses, coated, ranging 
in focal length from 2” to 24”. In addition there is the 40” 
Mirrotel lens for telecasting baseball, football and other out- 
door spectacles. 


Write for new TV catalogue and price list. 


° ‘ . Ps 
There is only one Raptar . <2." _ C UL be 
The finest lens made...° °~ *° ~ : ; 4 pt td OPTICAL COMPANY 


The finest lens made by Wollensak... 


ROCHESTER 21, N. Y 
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PYRAMID 


subminiature 


“GLASSEAL” 
CAPACITORS 


For the most demanding applications, 
where top-quality and minimun1-size 
considerations are the most vital fac- 
tors, Pyramid “‘Glasseal” capacitors 


- > h > Or ly ~ ~ 
are the popular cnoilce. 


nce characteristiq 


f ) Lwe } ts . oats + . } cinn 
of the Py nid ‘“Glasseal type, which is designe 
for 125 C. operation. Full information on all '’'Glassea 

My paper Ege. wt olnee eS 

‘apacitors is provided in new catalog PG-3 

> _ ) ¢ 


PYRAMID ELECTRIC COMPANY 


1445 HUDSON BOULEVARD ° NORTH BERGEN, N. J. 


NEW 

WESTINGHOUSE 

2000 MC MICROWAVE 
GIVES YOU A 5-POINT 
PACKAGE ADVANTAGE 


1 Extra Flexibility. Design permits quick, easy 
changes of units to meet future changes or ex- 
pansion. 


2 Adaptability. Multiplex units are designed 
to operate readily with any type of intercon- 
nected equipment. 


3 Dependability. Only the radio equipment is 
common to all channels; voice multiplexing 
units are completely self-contained, function in- 
dependently of each other. 


4 High Channel Capacity. Up to 30 duplex 
voice channels or 450 telegraph channels, or 
intermediate combinations of both. 


You CAN se SURE...1F 11's Westinghou 


5 Minimum Maintenance. Time-proven dou- 
ble sideband modulation in the multiplexing 
equipment provides reliable operation. 


THE WESTINGHOUSE INTEGRATED PACKAGE 


Westinghouse will deliver a microwave system to you 
on a turn-key basis. The package is fully integrated — 
since Westinghouse has full experience in all related 
types of equipment such as supervisory control, tele- 
metering, and other telegraphic or voice functions. 


GET THE FACTS 


Check full details through your Westinghouse repre- 
sentative. Write or call Department P-60, Microwave 
Section, Westinghouse Electric Corporation, 2519 
Wilkens Avenue, Baltimore 3, Maryland. 


S 


J-02260 


C 
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Why 


iH Electron ube Buyers 
do business with 


Why the Mallory UHF Tuner 
Should be Part of Your New TV Plans | 


The Mallory UHF Tuner can be the complete answer to your UHF tuning 
problems... whether you build converters, all-channel receivers, or both. 
It consists of three sections of variable inductance. It covers the range 
between 470 and 890 megacycles with approximately 2 mf of shunt capacity. 
Selectivity is excellent over the entire band. 


No matter how you decide to handle the problem of UHF reception, it will 
pay you to investigate the various possibilities offered by the Mallory UHF 
Tuner. One of the following combinations is the answer to your requirements ... 


FOR CONVERTERS... FOR RECEIVERS... 


UHF Tuners, for use in combination with VHF 
tuners, are available in 3 different designs ... each 
in 3 different stages of assembly: (1) To convert 
UHF signals to 82 megacycles on channels 5 or 6. 
(2) To convert UHF signals to 130 megacycles. 
(3) For operation into a 41 megacycle IF amplifier. 


@ Mallory UHF tuning element. 


@ Mallory RF assemblies. This includes the tuner, 
oscillator, tube, crystal and associated circuitry. 


@ Mallory RF assemblies with an IF amplifier 
operating at conversion frequency. 


@ Mallory UHF Tuning element for manufacturers 
building their own converters. 


@ Mallory UHF Converter chassis...ready to 
mount in your cabinet. 


Get in touch with us regarding the Mallory UHF 
Tuner. We will be glad to work with you... see 
how these various possibilities can be fitted into 
your plans for UHF television. Write today. 


@ Complete Mallory UHF Converter with your 
brand label. 


Television Tuners, Special Switches, Controls and Resistors 


P.R.MALLORY 8 C 


rRUAANAPOLIS 6 INDIANA 


TELE-TECH & ELECTRONIC INDUSTRIES * March 1953 


ik fl euécre 
TUBE & 


Why you can expect plus performance from 
standard RCA receiving tubes...in every field 


Over the years RCA has fostered 
the use of advance design and quality- 
control techniques in tube manufac- 
ture. Since World War II, RCA has 
stepped up its continuing program for 
quality improvement. As a result, the 
standard RCA receiving tubes of to- 
day often provide the superior per- 
formance and reliability usually 
expected from specialty-designed 
types of other manufacturers. 


In addition to this built-in perform- 
ance security, standard RCA receiv- 
ing tubes cover a wide range of types, 
are inexpensive, and aré readily avail- 


able both to the equipment designer 
and the ultimate user. 

RCA Application Engineers are 
ready to consult with you on the adap- 
tion of standard RCA receiving tubes 
to your equipment designs. For fur- 
ther information write RCA, Com- 
mercial Engineering Section 57 CR, 
Harrison, N. J... . or contact the near- 
est RCA Field Office: (East) Humboldt 
5-3900, 415 S. 5th St., Harrison, N. J. 
(Midwest) Whitehall 4-2900, 589 E. 
Illinois St., Chicago, Ill. (West) 
Madison 9-3671, 420 S. San Pedro 
St., Los Angeles, Calif. 


RADIO CORPORATION of AMERICA 


SLECTRON TUBES 
® 


HARRISOHM, WM. 4. 
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10 reasons why 
standard 
RCA receiving tubes 
offer built-in 
Performance Security 


* The cathode base metal and the car- 
bonate coatings are individually 
matched for each tube type to pro- 
vide superior performance. Both are 
continuously RCA-engineered for 
maximum quality control. 


*X The specially processed carbonized 
niekel-coated anodes developed and 
used by RCA provide 97% of the 
radiating effectiveness of a true black 
body as compared with the 68% 
figure for the older-style carbonized 
nickel-plated anodes. This increased 
effectiveness means better life for 
RCA tubes because the anodes oper- 
ate at lower temperatures. 


<< Lead-glass envelopes at a cost differ- 
ential of about 10 to 1 compared to 
lime-glass envelopes are used by 
RCA for certain capped types which 
operate at very high voltages. Such 
use results in much better life 
performance. 


* Gold-plated grids are used in certain 
RCA tube types for better control 
of critical tube characteristics. 


* The RCA-developed “A” frame con- 
struction—used in 6 of the popular 
metal types—gives rigidity to the 
tube elements and provides increased 
resistance to vibration, thus reduc- 
ing microphonics and stabilizing tube 
characteristics. 


Strict mica tolerances, tighter than 
usual in the industry, provide im- 
proved stability and freedom from 
microphonics. 


% Certain RCA tubes incorporate cath- 
ode clips and inverted-pinched cath- 
odes to provide improved ability to 
withstand vibration; as a result there 
is greater freedom from micro- 
phonics. RCA types for battery op- 
eration use a filament damper bar to 
minimize microphonics. 


RCA not only uses the highest 
quality mica but also utilizes a higher 
percentage of sprayed micas than 
industry in general. These precau- 
tions provide greater freedom from 
leakage noise and other internal 
leakage effeets. 


+ Double-helical coil heaters are used 
in many types to provide more reli- 
able performance and to insure 
greater freedom from hum. 


* Each RCA receiving tube has been 
designed to minimize the number of 
welds. With such designs there are 
fewer points at which possible fail- 
ure can develop. As an additional 
precaution, RCA welding is done on 
accurately timed unit welders to in- 
sure that each weld has maximum 
strength and uniformity. 


SILECTRON c-corts...BIG or LITTLE 


any quantity and any size 


W&D 4363 


For users operating on government schedules, Arnold is now produc- 
ing C-Cores wound from 4, 14, 1, 2, 4 and 12-mil Silectron strip. 
The ultra-thin oriented silicon steel strip is rolled to exacting toler- 
ances in our own plant on precision cold-reducing equipment of the 
most modern type. Winding of cores, processing of butt joints, etc. 
are carefully controlled, assuring the lowest possible core losses, and 
freedom from short-circuiting of the laminations. 

We can offer prompt delivery in production quantities—and size is 
no object, from a fraction of an ounce to C-Cores of 200 pounds or more. 
Rigid standard tests—and special electrical tests where required—give 
you assurance of the highest quality in all gauges. @ Your inquiries 
are invited. 
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|gunction itted capacitors 


The best capacitor at lowest cost results ested in HOW their capacitors are used. If 
from the experienced interpretation of your you wish, they are prepared to collaborate 
circuitry, your associated components, your on the details of your entire assembly. 


operational requirements. Such capacitor application experience, 
That is why Aerovox engineers are sointer- second to none, is yours for the asking. 


AEROVOX CORPORATION 
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REDUCE SET-BUILDING COSTS.. 


with this New Sylvania 
Integral Eyelet Socket 


Youll speed up radio and television set assembly 
and pare down costs with this new Sylvania socket! 


__ The eyelets are formed into the saddle and actually 
function as rivets. Just 2 simple operations and these 
sockets are firmly secured to the chassis. You save 
rivet costs, save time, and get a sturdy, durable, 


top-quality job. 
Made with 3 types of bases 


These new Sylvania sockets are now available with 
7-pin, octal, or 9-pin bases. Insulators are either 
general-purpose or low-loss phenolic. 

For prices and full information about this latest 
Sylvania quality part, write today to: Sylvania Elec- 
tric Products Inc., Dept. 8A-3003, 1740 Broadway, 
New York 19, N. Y. 


GE 
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“BUILT-IN EYELETS SPEED 
PRODUCTION ...SAVE DOLLARS!” 


“ANOTHER 
IMPROVED PART 
BY SYLVANIA” 


hs ee ee 


SVIVANIA 


RADIO TUBES; TELEVISION PICTURE TUBES; ELECTRONIC PRODUCTS; ELECTRONIC 
TEST EQUIPMENT; FLUORESCENT TUBES, FIXTURES, SIGN TUBING, WIRING DEVICES; 
LIGHT BULBS; PHOTOLAMPS; TELEVISION SETS 
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. ELSEGUNDO 
> CALIFORNIA 4 


+230” + .010 DIA. 


22 GAUGE 
WIRE TINNED 


Features: 


1. Ruggedized construction 
2. Welded anchor pins 

3. Triple moisture protection 
4. Self-insulating case 

5. Vibration resistant 

6. Shock resistant 

7. Higher efficiency All types 
8. Stability of characteristics 


9. No flaking available 


for prompt 


shipment 


| NAL a é C T r FILE 


General Offices: 1521 E. Grand Ave., El Segundo, Calif. * Phone: El Segundo 1890 
Chicago Branch Office: 205. West Wacker Drive ee Phone: Preanwktis @2ecee- 
New York Branch Office: 12 West 32nd Street, N. Y. 1 © Phone: Chron Grins 2-0. -s 
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—for automatic projection 


of 2x2 slides in unlimited, 
uninterrupted sequence! 


You’ve always needed it—for low-cost, pro- 
fessional-quality TV commercials—and 
here it is! Gray Research, maker of Telop, 
Telop II and other specialized TV equip- 
ment, proudly announces the new Gray 
TELOJECTOR. This compact, portable unit 
gives you remote control projection of 
standard 2x2 slides in uninterrupted 
sequence ... with studio effects of fading, 
lapping and superimposition. 


In the TELOJECTOR, projection alternates 


between two lens systems. Two loaded 
slide turrets give you a sequence of twelve 
slides. Additional loaded turrets can be 
substituted in seconds, providing an un- 
limited sequence. Overall dimensions: 
14%" x 18%" x 16”. Weight: 32 pounds. 


This new Gray TELOJECTOR solves many 
problems for large and small stations alike. 
Production is underway. Get all the facts 
— now! 


Please write for TELOJECTOR 
Bulletin RC-3 


AND DEVELOPMENT CO., INC., HILLIARD STREET, MANCHESTER, CONN. 
Division of The GRAY MANUFACTURING COMPANY Originators of the 
Gray Telephone Pay Station and the Gray Audograph and PhonAudograph 
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LE RADAR—Electric light, 

» and telegraph companies have 
method for locating distant 

s in their lines. It employs the 
technique and consists in 

g a wave impulse into the 
ended conductor and then 

ing the time taken for the 

ed impulse to return. Know- 

the characteristics of the line by 
samparison with an unbroken con- 
ductor, the distance to the break can 
be readily computed. 


“ADJACENT CHANNEL COL- 
OR-TV—NTSC (National Televi- 
sion System Committee) has ap- 
pointed a group to look into Paul 
Raiburn’s (Paramount Pictures) re- 
cent suggestion, as voiced in the 
pamphlet entitled “Color Television 
Without Problems,” that we use ad- 
jacent channels for color-TV trans- 
missions. For further details on this 
suggestion see page 74 in Tele-Tech, 
January 1953. 


COCKROACHES IN TV sets 
are almost entirely harmless. At 
least that is the official assurance 
given to the public by the Director 
of Rodent Control for the District 
of Columbia after several complaints 
of infestation prompted a studied in- 
Vestigation of the subject. The 
brown-banded cockroach only eats 
a little excess glue off connections 
and does not meddle with actual re- 
ceiver operation. 


PROCEEDINGS of the Iceland 
Parliament at Reykjavik will now be 
preserved for future generations of 
Icelanders via tape-recording equip- 
ment. Eleven Stancil-Hoffman (Hol- 
lywood) tape-recording units were 
recently installed in Iceland’s two 
main chambers of parliament. Thus, 
- the oldest legislative body in the 
World, created in 930, becomes one 
of the first with completely modern 
recording facilities. This enlightened 
republic of 141,000 people, where 
illiteracy is virtually unknown and 
Where more books, newspapers and 
Magazines per capita are published 
than any other country in the world, 
will record the entire proceedings of 
its General Assembly’s continuous 
debate for the edification of its entire 


DYNAMIC RIBBON 
AND RIBBON AND RIBBON BI-DIREC- 
CARDIOID 


American offers you’ the “Full-Vision” line of 
quality microphones, a complete line for television and 
radio broadcast—AM and FM, motion picture studios, 
professional and home recording, and public address. 


Pioneers in the design and manufacture of quality micro- 
phones, American has also pioneered the introduction 
of quality microphones that are designed to be... 
HEARD AND NOT SEEN. 


Attractive “Full-Vision” 
styling permits both the 
artist and the audience 

to enjoy perfect performance 
without obstructing the view. 


For greater acme . plus . 
and audience . . use Ametian 


. “Full-Vision” for artist 


> 


CARDIOID TIONAL 
DR-330 DR-332 R-331 D-33 D-22 
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‘population. Taxpayers can now tab rite for Free ss ted — and Catalogue No. 46. Dept. FV 
each Krona spent by the Iceland | Sage sissy tS, Zee ey Pet PRET IY ot ates CTSA RES 
government. 


ioctl MICROPHONE CO. 


370 SOUTH FAIR OAKS AVE. PASADENA 1, CALIFORNIA 


“OUT OF CRISIS comes oppor- 
tunity!”—Don G. Mitchell, President 
Sylvania Electric Products, Inc, 

(Continued on page 60) | 
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keeping communications ON THE BEAM 


| PRODUCTS | 


JK STABILIZED H-17 CRYSTAL 


CRYSTALS FOR THE CRITICAL 


The JK H-17 Crystal meets rigid airline re- 
quirements for compactness, light weight, 
rugged dependability. A Military type, it is 
hermetically sealed—dust and moisture proof 
— plated, quartz plate is shock mounted. One 
of many JK Crystals made to serve every need. 


| Cellag Laro,.lemmunizatins 100% 


‘Pea soup” over the field and still the giants of 


air travel come in ‘‘on the beam'’. When visibility is 
poor, commercial pilots must yely on radio-radar 
equipment to bring their ship in safely. JK Crystals 


play an important role in this every day drama of 


keeping airlines communications ‘‘on the beam" in 


the air and on the ground. 


THE JAMES KNIGHTS COMPANY 


SANDWICH ILLINOIS 
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Columnist John Crosby, discussing not electronics 
but end results on the screen, calls the Waring show 
on CBS Television “pure television.” Such results 
come from three things: Waring imagination, CBS 
Television techniques, and GPL camera chains. 


“The pictures move . . . are a combination of 
light and shadow, of form and substance that 
catch and hold the eye.”’ 


A GPL extra in engineering accounts for much of 
this. Camera and operator may be moving on a 
boom in a 3-dimensional pattern. Yet the operator 
has only to concentrate on aim, while the director 
at the Camera Control Unit adjusts the iris for 
light and shadow. 


“The cameras seem to roam at will on that 
show with a fluidity and grace almost never 
found in the movies.” 


That fluidity is engineered into GPL cameras. Dual 
focus knobs, push-button lens change with auto- 


“camera work on 
the Waring Show is 
... art photography” 


JOHN CROSBY 


matic focus adjustment, precision pan and tilt 
motions — all these enable camera men and direc- 
tors to capture the full scope of a show. Fantasy 
or stark realism, sports in sunlight or drama in 
stage shadows . . . GPL cameras put top quality 
pictures into the line. 

Whatever your type of operation, whether you 
need one chain or six, investigate these cameras 
designed for modern television. Rugged but light- 
weight, they are easily interchangeable between 
studio and field. Circuit design guarantees con- 
sistent high quality. 

Station owners like their economy; camera crews 
like their velvet smoothness and operating ease; 
maintenance men like their long service life. ~ 


For full details, write, wire or phone 


NEW STATION OPERATORS: 


General Precision Laboratory 


(iNCORPORATE D 
PLEASANTVILLE NEW YORK 
Cable address: Prelab 


Without obligation, GPL en- 
gineers will be glad to study 
your entire ‘studio needs for 
cameras, projectors, film 
chains and video recorders. 


Export Department: 
13 East 40th St., New York City 
Cable address: Arlab 


TV Camera Chains * TV Film Chains ° TV Field and Studio Equipment * Theatre TV Equipment 
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VGH NIPERSIL CORE 


cuts air-borne transformer size and weight 


Transformer weight reduced 25%, size cut 20% in a 
single unit of air-borne electronic equipment. This is 
the mark set by a new lightweight Hipersil® Core 
designed by Westinghouse for the Navy Bureau 
of Aeronautics. 

Adaptable to commercial as well as military use, 
the new core makes possible more powerful equip- 
ment within the size and weight limitations of previous 
models. A special silicon steel, rolled to a new 4-mil 
thinness, with grain structure super-oriented by a 
‘refinement of the Hipersil process, achieves the size 
and weight reductions. 

Hipersil Cores cut size and weight in all types of 
electrical and electronic transformers. They combine 
highest permeability with lowest losses in a wide 


range of sizes (1 through 5 and 12 mils). Two-piece 
assembly simplifies transformer manufacturing, cuts 
fabricating costs. Greater flux-carrying capacity, in- 
creased mechanical strength help to make them the 
best core on the market. For specific information on 
how to apply Hipersil Cores to your product, write 
Westinghouse Electric Corporation, P. O. Box 868, 
Pittsburgh 30, Pennsylvania. J-70632 


HIPERSIL CORES 
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let &r go, skipalong, 


stick with the *K" brand you Know 
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“Maverick” usually spells trouble, 


a 
= 
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on the production line as well as out on the 
range. Being an unknown quantity or a 
“Johnny-come-lately,” it leaves room for genuine 
doubt both as to performance and quality. 

And that’s the reason so many experienced buyers 
— production experts to supervisors — insist 

on Kester .. . the one “brand” that is synonymous 
with the best solder and solder products. 


Ke) 

Next time, choose one of these famous solder products: 44” Resin, “ —< ie lay, 
ce “Resin-Five” and Plastic Rosin—all made only by KESTER ae e My ~ 
ts . .. Key Name in Flux-Core Solder for More Than 50 Years. teen, --~----__ 
n- 3 
1€ 
yn 
te 
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SOLDER COMPANY 


4210 WRIGHTWOOD AVENUE, CHICAGO 39, ILLINOIS 
NEWARK 5, NEW JERSEY + BRANTFORD, CANADA 
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4 GE TUBE SUGGESTIO 
VED US 4100! 


Sage GEORGE A. WILSON 
Director of Engineering 
Radio Cincinnati, Inc. 


wo GL-5513’s in our TV transmitter 

have had over 7,000 hours’ service. 
That’s three times the life we got from 
this type a while back—means a total of 
$1,100 we’ve saved in replacements! 
Better maintenance is part of the story, 
but the big reason is the advice G-E 
engineers gave us about matching up 
paired tubes so as to get balanced 
electrical.characteristics. 


“13,000 hours from a 6-tube bank of 
GL-8008 rectifiers—that’s another 
economy figure in our records. Also, 
General Electric makes sure that when 
we need tubes, they’re delivered fast. 
We couldn’t ask for better all-around 
service than we get from G-E tube 
distribution here in Cincinnati!’ 


* * * 


Your 16 years with WKRC, Mr. Wilson, 
gives you experience that makes your 
comments all the more important. 

G.E. is glad to have helped you realize 
these tube economies. 


: : : WKRC HAS A SHOW FOR EVERYBODY 
Station engineers everywhere will find 


G-E efficient tube service no farther @ Variety and educational programs over WKRC supplement CBS 
away than their local G-E tube distrib- network shows, giving Cincinnati viewers a wide choice of television 
utor—no harder to reach them than the fare. The second station in Ohio to receive a TV license, WKRC lives up 
telephone. Dial now the number of to its reputation by also providing complete news and weather coverage. 
your distributor! The sooner he starts AM broadcasting, plus FM transit radio, are other services aired from 
serving you, the sooner you will save the 600-foot WKRC tower. All three transmitting operations credit 


a sch as oes Electric much of their reliability to General Electric tube performance. 
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< YEARS OF ELECTRICAL 
Gee Cie free your confidence Ve... me 


Diamond Annivese, 


GENERAL @@ ELECTRIC 


Capacitors shown 21, 
times actual size 


CM-15 El Menco eo range from 2 to 420 
mmf. at 500 vDCw . . . measure only 9/32” x ¥” 
x 3/16” .. . but they’re 


PRETESTED at 1000V! 


WRITE FOR FREE SAMPLES AND ALL fixed mica El Menco Capacitors are factory-tested at double 
CATALOG ON YOUR FIRM’S their working voltage. So, you can be sure they'll stand up. They 
LETTERHEAD also meet all significant JAN-C-81 specifications. This means that 
you can specify them with confidence for all military or civilian 

electronic applications. 


Our Type CM-15 silvered mica capacitors reach 525 mmf. at 300 
vDCw. Our other types — silvered and regular — provide capaci- 
ties up to 10,000 mmf. Want samples for testing? The Electro 
Motive Manufacturing Co., Inc., Willimantic, Conn. 


Jobbers and distributors are requested to write for 
information to Arco Electronics, Inc., 103 Lafayette 


; St., New York, N. Y. — Sole Agent for Jobers 
and Distributors in U. S$. and Canada. 
MOLDED MICA | MICA TRIMMER 


CAPACITORS 


| ) Foreign and Electronic Manufacturers Get Information Direct from our Export Dept. at Willimantic, Conn. 


THE ELECTRO MOTIVE MFG. CO., INC. WILLIMANTIC, CONNECTICUT 
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MIDGET — 


precision wire wound naggeong ee ag ga 


Leng. Diem, JAN. Comm.}(ohms.}(meg.) 


1/2 | 9/32 — 1/4 2.0 | 0.15 


RESIS TO RS 3/4 | 9/32 1/4 | 1/2 | 1.0 |0.40 
3/4 | 3/8 1/4 1/2 -}:03. 4 £0 


Successfully used in Armed Forces most critical applications 


Scores of results have established the supe- dust, salt spray, humidity and mechanical 
riority and outstanding quality of RPC’s new damage. 
TYPE C PRECISION WIRE WOUND RE- ; 
SISTORS. These high quality units are 
designed to meet the stringent requirements 


of JAN-R-93. 


Completely insulated precision resistors 
which may be soldered directly into circuits. 
Their sm: ll size and light weight make them 
self-supporting. Ideal for aircraft applications 
where reduction in size and weight are vital. 


Winding form is of low loss steatite having 
extremely high insulating quality with low 
coefficient of expansion. Impervious to mois- 
ture. 


Type C resistors are wound with specially 
tested low temperature coefficient alloys. 


RPC’s Type C resistors are being used by 
many of America’s outstanding manufactur- 
ers. They are available in any amount with 


Completely enclosed in rugged plastic of high prompt delivery. Write for complete informa- 
insulation value. Windings are impregnated tion. 


in special compound and protected against 


SPECIALIZING IN THE 
MANUFACTURE OF 
QUALITY RESISTORS 


RESISTANCE PRODUCTS CO. IN ANY AMOUNT 
714 RACE ST. HARRISBURG, PA. 


HIGH MEGOHM, HIGH VOLTAGE, HIGH FREQUENCY, WIRE WOUND PRECISION 
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Stupakoff 


Save space and weight 
Speed Assembly 


Reduce Costs 


Minimize Assembly errors 


Soldered connections are reduced by 25% 
to 80%, assemblies are lighter and more 
compact, your production time is reduced 
and better products are made when 
Stupakoff Printed Circuits are used. 
These sturdy, compact, accurately pro- 
duced units combine resistors and 
capacitors of precision values, in circuits 
designed in accordance with the require- 
ments of individual applications. One 
Stupakoff Printed Circuit will replace 
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many individual components, with con- 
sequent simplification of the assembly and 
reduced costs. 


Send gor bulletin 


Contains complete speci- 
fications of a number of 
typical standard circuits 
and detailed information on 
the design and construction 
of Stupakoff Printed Cir- 
cuits. Ask for Bulletin 1151. 
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ne 2 eee . TYPE"MAPC STATOR PLATE 


A Complete Line To Assist You! 


This trimmer capacitor, the “MAPC”, exemplifies Hammarlund’s 
continuing efforts to meet the demand for smaller dependable 
components. A scaled-down version of the popular “APC”, origi- 
nated by Hammarlund more than 20 years ago, it has everything 
reduced except the quality and performance characteristics. 


The Hammarlund complete-line of variable capacitors, carried 
by carefully chosen distributors from coast-to-coast, makes it 
possible for you to pre-select a capacitor that meets all your 
requirements of construction and operation. 


Write today for the 1952 Capacitor Catalog 


HAM MARLUIND 7 


HAMMARLUND MANUFACTURING COMPANY, INC. 
460 WEST 34th STREET + NEW YORK 1,N. Y. _ , 
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..fas everything you need for PRINTED CIRCUITS 


First to provide Tubes and Transistors that are correctly designed for 
quick, efficient printed circuit assembly. For the ultimate in portable 
performance, combine Raytheon’s high-efficiency, filamentary Sub- 
miniature Tubes with Raytheon’s Junction Transistors. 


Filament Plate Screen Grid Plate Mutual Cond. Voltage Plate Resis. 
Subminiatures Volts Ma. Volts Volts Volts Ma. Umhos. Meg. 
1AG4 ‘Output Pentode 4g 


Pini Rr Pentode | 1] o _ 
[_IN5 DiodePentoae | 1s] a 


16" Mixer-Pentode 

Osc.-Triode 
1AK4 RF Pentode 
1AK5 Diode-Pentode | 125 5 20 | 


Gain 
re are BER Bee 
ee 
Co. RE ek ey i: See 
32. as 3s. Sa Sik SST 
CO ae A BARS O61 Paar 
SRL, SA RR, ee, _ 2 EPS eraaRS 


TPower Output — milliwatts **Conversion Conductance 


*Type 1V6 is a high performance, low PNP JUNCTION TRANSISTORS 
battery drain converter. Note the com- (Average Characteristics at 30° C) 


parison with 1R5 using 45 volt supply. 
me. 
Bae Curent” (2) 
Equiv. Noise Resistance (ohms) 


: *Grounded Emitter connection 
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RAYTHEON MANUFACTURING COMPANY 
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——RAYTHEON MAKES ALL THESE:— 
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RAY ANTHONY 
“The Young Man With a Horn” 


eee about the famous new 


qip slender gradient’ 


high-fidelity bi-directional 


For high-fidelity, true-tone reproduction of 


voice and music, these small and rugged microphones are 
destined to be the favorites of leading recording artists 
«+ Singers—instrumentalists—and bands everywhere. 


@ These microphones will outperform all other 


“slender” microphones—because of their 


advanced acoustical, electrical, and mechanical 
features. Both models provide a bi-directional 


pickup pattern—permitting greater per- 
former freedom (performers can stand at a 


73% greater distance from the microphone!) 
The “300” and “315” will pick up voice and music 

from front and back—yet discriminate against unwanted 
noises from the sides. They reduce reverberation and the 
pickup of distracting random noises by 66%! 


Shure Patents Pending 


SHURE BROTHERS, Inc. + 


225 West Huron Street, Chicago 10, Illinois 


General Purpose 


Re Ae cae ee 


MANUFACTURERS of MICROPHONES 


LIST PRICE 
$75.00 


Eas Bias 


and ACOUSTIC DEVICES 
e Cable Address: SHUREMICRO 


TELE-TIPS 


(Continued from page 49) 
SENSE APPEAL—Predictions 
made years before “Cinerama” fore. 
saw the development of three-dj. 
mensional TV and the “smellies’— 
devices which are now patented in- 
ventions. During moments of idle 
speculation, the imaginative have 
been focusing their attention on the 
subtle implications and design pro 
lems of the ultimate form of comm 
munication which will appeal to; 
the five senses. As an example of th 
trend of thought, Aldous Huxley 
futuristic book Brave New World d 
scribed an entertainment medium 
called the “feelies.” An excerpp 
states, “‘Going to the Feelies thig” 
evening, Henry?’ enquired the 
sistant Predestinator. ‘I hear the ne 
one at the Alhambra is first-rat 
There’s a love scene on a bearskin: 
rug; they say it’s marvellous. Every 
hair of the bear reproduced. 
most amazing tactual effects.’ ” 


PROGNOSTICATION has been” 
further presented in Al Capp’s comi¢ 
strip Li'l Abner. A system called 
“feelavision” showed little solid meny 
jumping out of the receiver. Hows 
ever, not all of these concepts 
within the realm of humorous v 
ing. One inventor has actually 
a drawing board design of a “tel 
biovision” system which boasts an 
odor organ, smoke unit, vibrator,ar-" 
rangement for shaking the living-— 
room floor, heat emitter,.and to make 
the sense appeal complete, a multi- 
metal grid which creates the illusion 
of different tastes when pressed 
against the tongue! 


ON GETTING AHEAD—‘“You 
Don’t Have To Be Brilliant To Make 
A Greater Success Of Your Life,” 
says Sam Himmell, practical philos- 
opher who occasionally visits TELE- 
TEcH’s offices. “You May Not Always 
Be Better Than Others, But You Can 
Always Be Better Than Yourself: 
. . « Every Artist Was First An 
Amateur, And the Most Difficult Part 
Of Getting To The Top Of The Lad- 
der Is Getting Thru The Crowd At 
The Bottom . . . It Takes Just A 
Little More Than The Ordinary To 
Move Out Ahead Of The Herd, And 
If You Cannot Overwhelm Them 
With Your Quality, Overwhelm 
Them With Your Quantity . . . The 
Faster You Go, The More Chance 
There Is Of Stubbing Your Toe, 
But The More Chance You Have Of 
Getting Somewhere.” . . . Said Ovid, 
The Philosopher, in the Year 1400, 
“Chance Is Powerful. Let Your Hook 
Always Be Cast. In The Pool Where 
You Least Expect It, Will Be a Fish.” 
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ces-uvtaon TRANSISTORS 


CBS-HYTRON 


Moisture-resistant 


Plug-in or solder-in GERMANIUM 
CRYSTAL aee,:=«|MPREGNATED 
tae~ = RUGGED CASE 


Sturdy triangular basing 


Polarized base connecti 
ized : ie CATWHISKERS 


WELDED 
CONNECTIONS 


Auto-electronically formed 


TINNED 

se COPPER-CLAD NICKEL 
Thoroughly stabilized STEEL LEAD WIRES f SILVER PINS (3) 
(.015 DIAM.) , 


Operate up to 55 C as 


MECHANICAL FEATURES 

1. Single-ended construction gives maximum mechanical stability. 

2. Rugged triangular basing design resists shock and vibration. 

3. Dual-purpose connections permit use of flexible leads or stiff plug-in base pins. 
4 

5 


CBS-HYTRON 


PT-2S 


« Direct soldering of germanium wafer to base support guarantees positive contact, 
avoids flaking. 
« Glass-filled plastic case and high-temperature impregnating wax assure moisture- 


AND YOU CAN BUY THEM NOW! 


Already a major producer of germanium diodes, CBS-Hytron pied nl leat 
OU now offers you prompt delivery of. transistors: Point-contact ohisaa: “ancamii 
ake CBS-Hytron PT-2A (for amplifying) and PT-2S (for switching). EMITTER Dy 


MEASURING CIRCUIT FOR 
CBS-HYTRON PT-2S 


* " 
r Both have stable characteristics and are guaranteed moisture- t 
ve 3 > ; BASE 
‘ resistant. Note flexible leads welded to base pins. You may solder Transistor Basing Diagram _CBS-Hytron 
ys flexible leads into circuit. Or snip them to use stiff base pins in Symbol = (bottom view) T-2 socket 
‘on CBS-Hytron type T-2 socket. Note similarity of pin layout to that of tran- 
: sistor symbol. CBS-Hytron type T-2 tran- 
elf : sistor socket features groove to guide pins 


t 

} 

} 

i 

} * ot hs : i 

Triangular arrangement of base pins is stronger... avoids bent _into socket. Also anti-burn-out design to in- 

An sure that base connection of transistor will . 
} 


att pins, Easy-to-remember basing layout simulates basing symbol — always be made first. 


di (see diagram). Polarization makes socket connections foolproof. ~ ae oe TN “SSIPATON =O MW MW MAX | en CaS-HYTRON PT-28. 

At | ‘ware assured of uniformly optimum characteristics by elec- [2,|-_ JS}. | vitoay cadgcron || a BR RRS Nie 

A tronic control of pulse forming. Thorough aging achieves maxi- : ee zou Beir aleah ees ‘Site eds 

To § Mum stability. You may operate these transistors up to 55°C. [3 | //| | some ay 
nd And you can order both CBS-Hytron PT-2A and PT-2S for |2* | 
om : : . 4 | 
es immediate delivery. Ro SEE PE PR AR eee a0 a5 -4 Lye (outs) | / 
he s . 
ice \ : MANUFACTURERS OF RECEIVING TUBES SINCE 1921 : 
0€, - fy NYTRON RADIO AND ELECTRONICS CO. E 
¢ A Division of Columbia Broadcasting System, Inc, 
00, Main Office: Danvers, Massachusetts 

’ 


k WRITE FOR DATA. Comets free data on tom 
0 PT-2A and PT-2S .. . and the T-2 socket . . . are yours for 
re § theasking. 


a. RECEIVING... TRANSMITTING... SPECIAL-PURPOSE AND TV PICTURE TUBES + GERMANIUM DIODES AND TRANSISTORS 
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A great aid to your miniaturization program 


MOUNT IN 15/32” HOLE 
ALL LENS COLORS 


Easy lamp replacement 
with any midget flanged 
base lamp types 


Complete blackout 
or semi-blackout 
dimmer types 


MECHANICAL 
DIMMER 
No. 11-1930-621 


THESE ASSEMBLIES LOGICALLY REPLACE 
LAMPS NO. 319, 320, and 321 


NON-DIMMING 
No. 8-1930-621 


REPLACE NOT OR 
WITH THIS THIS 


AIR FORCE and BUREAU of AERONAUTICS 
MIL-L-7806 DRAWING MS-25010 


DIALCO No. TT-51 (Red filter-black top) 
... or, No. TT-51A, complete with No. 327 p 


ALSO MADE 
with other filter colors \\ 1 | | // 
and with light-emitting 

top (for indication) 


ALL OF THE ASSEMBLIES ILLUSTRATED 
ACCOMMODATE LAMPS NOS. 327, 328, 330, and 331. 
ANY ASSEMBLY AVAILABLE COMPLET E WITH LAMP 


SAMPLES ON REQUEST —NO CHARGE 


Foremost Manufacturer of Pilot Lights: 


DIALIGHT CORPORATION - 


60 STEWART AVENUE, BROOKLYN 37, N. Y. HYACINTH 7-7600 
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LETTERS - :: 


Q-Meters 


Editors, Tete-TEecu a 

The letter printed on page 48 of your 
February issue regarding Q-Meter 
states that the originator of the method 
is not known. While I cannot 
that question for sure, I believe thay 
the first reference was published in the 
magazine Electronic Industries on page 
88, July, 1943. The latter report 
was published several years before 
Q-Meters were provided with induct. 
ance scales, 

While I am about it, the reference to 
small diameter necks on cathode ray 
tubes that recently appeared in your 
columns was of interest. I had such a 
tube built in 1931. This tube was pic- 
tured in the magazine Instruments, as 
Fig. 8 in my article of October, 1935, 
Tubes with small necks were in com- 
mon use well before 1917, however, and 
in the German literature especially 
many of these tubes were described, 


Ratpx R. Batcuer 


Chief Engineer, RTMA 
489 Fifth Ave., 


New York 17, N. Y. 


Trans-Atlantice TV in 1930! 


Editors, TELE-TECcH: 


I was most interested to read the dis 
cussion on “Transatlantic Television” it 
your recent issue. 

You may be interested to hear that 
on September 17, 1930, I received a T 
programme direct from the Genefal 
Electric station at Schenectady, NY 
and I have in my possession a cable 
sent to me by G.E. which fully come 
firms. my reception. This was Une 
doubtedly the first time that Americal 
television crossed the Atlantic and & 
the best of my knowledge it has not 
been repeated. 

I am bound to admit, however, that 
the frequency used for this three-days 
test transmission to Germany (where it 
was not received, I understand) was 
favourable for trans-Atlantic communi- 
cation—it was around 15 megacycles. 

(1930 was very early in the compara- 
tively short history of television for 
such long distance reception.) The 
Jenkins Co. wrote to me soon after- 
wards and said they were calling me 
on TV specially on Wednesdays, but 
as far as I remember this was on ap- 
proximately 145 metres, which was 
hardly suitable for the occasion. 

I am convinced that a permanent 
transAtlantic relay circuit whether by 
the NARCOM Plan, ionospheric scatter 
or any other method would be of in- 
estimable value to our two countries. 


—Dovcias WALTERS, 
Manager Radio Laboratory: 
186, High Holborn, 
London WCI, England 
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DEVELOPMENT LABORATORIES 


Developmental germanium 
rectifiers for the KW range 
have been made so efficient 
that the copper lead connec- 
tions must be larger in cross 
sectional area than the diffused 
junction itself. 


Pas 
YEARS OF ELECTRICAL 


a 
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DIFFUSED JUNCTION 
GERMANIUM RECTIFIERS 


Send for complete G-E Diffused 
Junction Rectifier Information: 
General Electric Company, Sec- 


7 
wn 7 tion 4833, Electronics Park, 
Syracuse, New York. 


GENERAL @@ ELECTRIC 


HERMETICALLY SEALED against deteriorating elements. Glass-to-metal 
seals throughout. 


MINIATURE SIZE to facilitate use in all electronic equipments, yet 
heat losses are dissipated efficiently. 


REDESIGNED to meet all military humidity tests and shock and vi- 
bration requirements. 


HIGH OUTPUT VOLTAGE and improved back current characteristics. 


NEWS FROM OUR ADVANCED emer i 


PEAK /MVERSE VOLTAGE 


—aaa——— 


Printed circuits like those shown here offer 
important adyantages in radio and TV pro- 
duction—fewer parts to purchase, inspect, 
handle, and stock; fewer soldering opera- 
tions and quicker assembly with minimal 
wiring errors; faster and easier inspection; 
greater compactness; and lighter weight. 
And usually they cost less than the individ- 
ual capacitors and resistors they replace! 
BULPLATE Printed Circuits are a logical 
outgrowth of Sprague-Herlec BULPLATE 
Multiple Ceramic Capacitors, first to use the 
active dielectric as a supporting medium for 
printed wiring. The printed resistor ele- 


ments of these plates have proved to be 
highly stable, another important Sprague 
contribution. 

Thousands of BULPLATES are now in 
use in radio, television, and military elec- 
tronics. Are you overlooking a winning bet 
for your production? 

And remember—if you havea special prob- 
lem on a network which must perform a 
certain circuit function, Sprague will design 
it for you. 

Write today for Engineering Bulletin 650 
to Sprague Electric Company, 233 Marshall 
Street, North Adams, Mass. 


TYPICAL RADIO AND TV BULPLATE 


CIRCUITS 


Diode Triode 


Vertical 
Filter Coupling 


Pentode 1-F Audio 
Integrator 


Coupling Filter Output 


WORLD’S LARGEST CAPACITOR MANUFACTURER 


See us at the 1.R.E,. Show—Booths 1-41C 1-41 
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ESTE 


INDUSTRIES —RADIO-TELEVISION 


THE NEED FOR 
Advance Engineering Planning 


The general approach in dealing with radio com- 
munication problems has undergone considerable 
transition in the past decade or more. Before that 
the engineer was concerned more with equipment 
evolution than with advance methods planning. 

When the pressure of demand faced the infant 
industry there was little time for the fundamental 
niceties of research and also litttle financial en- 
couragement therefor, so that effort gravitated 
towards the assembling of specific apparatus. The 
builders of growing enterprises exhibited impa- 
tience towards the efforts of the abstract technician 
and did not seriously visualize the future or try to 
understand the actual mechanics of how the 
results they were getting were being achieved or 
how they could be improved through the develop- 
ment of fundamentals. In the mad rush of making 
this instrumentality useful to mankind the demand 
for consistent practical technical planning, which 
we call engineeering, became somewhat smoth- 
ered. 


Systems and Methods 
Today much more emphasis is given to system 


» and methods aspects. The technique of equipment 
» and gadget production is currently such that the 
' methods engineer can generally get the apparatus 


made up that he needs to fit a planned system in- 


% stead of being confronted with a system made up 


of such building blocks as could be picked up on 


4 the market. This is particularly true for those 


higher frequency bands that have come into use in 
recent years where impediments because of previ- 
ously long established services with vested rights 
were minor or absent. The field in which many en- 
gineers work is susceptible to this approach, and 
more and more engineers will develop interest in 
methods and utilization planning. Business men 
and administrators have acquired a greater aware- 
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CLOOSE 


ness of this trend and are reaching the viewpoint 
that technical solutions to meet specific objectives 
are just a matter of time and effort. 


Fullest Use of Facilities 


Another transition can be discerned. Before 
some of these frequency bands became uniformly 
overcrowded it was largely taken for granted that, 
when the need arose, more use could be developed 
by seeking out those hidden frequency spaces 
which would be disclosed by applying improved 
technical processes such as better frequency sta- 
bility, confining radiation bands to those widths 
essential for passing the required intelligence, etc. 
Being uninterested in salesmanship as such and 
not pressed by an urgent demand, engineers did 
not aggressively publicize at the outset how fu- 
ture growth and prosperity could be promoted by 


_ a universal understanding that technical attain- 


ments must be used to their fullest. Recent con- 
vention addresses give testimony that the im- 
portance of this has become paramount. 

And now for the future. The trends that I have 
pointed out will continue. The ability to create 
technical means to meet specified objectives will 
improve. The engineer will concern himself more 
and more with the end product of the communica- 
tion service. This will put him in closer touch with 
the economic and social phases of human endeavor 
and broaden his area of interest and operations. 
His training of using perceptive thought and criti- 
cal planning combined with discipline and pa- 
tience will clear ways to further accomplishments. 
A guest editorial by Hareden Pratt, Telecommuni- 

cations Advisor to the President of the United 

States, and Secretary IRE, adapted from his re- 

cent address to the Professional Group on Vehi- 

cular Communications, IRE. 
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RADARSCOPE 


Revealing Important Advances Throughout the Spectrum Te 


of Radio, TV and Tele Communications 


GOVERNMENT 


TRAC—In these columns attention has frequently 
been called to the fact that the Washington Interdepart- 
ment Radio Advisory Committee has long actually con- 
trolled about one-half of the available radio spectrum, 
having first choice of all radio frequencies—with the 
FCC getting only the “left overs” for assignment to com- 
mercial, educational and public use. After two changes 
of name, IRAC still functions, but with a chairman (Lt. 
Col. W. M. Lauterbach), reporting to the Telecommuni- 
cations Advisor to the President, and sharing his White 
House Extension offices. Representing the various de- 
partments IRAC’s members now are: Air Force, J. D. 
Corley; State Dept., John S. Cross; Justice, M. W. 
Kuhrtz; Navy, Capt. T. P. Lowndes, USN; Interior, S. L. 
Windes; Army, Maj. E. R. Reynolds; Coast Guard, Capt. 
E. K. Rhodes; Civil Aeronautics, Lloyd H. Simson; For- 
est Service, E. C. Wagner. IRAC’s executive secretary 
is C. W. Loeber, Room 2024, T-5 Building, 16th and 
Constitution Ave., N. W., Washington 25, D. C. 


COLOR—TV 


NTSC has now agreed on the technical characteris- 
tics of a new horizontal sync signal for the all-industry 
compatible color-TV system. Arrangements for field 
tests using the new signal are now being made. Upon 
successful completion of these tests, the system will be 
ready for presentation to the FCC,— probably in the 
Fall of this year. Uncertainty over the technical char- 
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the recently adopted NTSC compatible color-TV hori- 
zontal sync signal showing amplitude and fime relationships. in 
the drawing P is pedestal, $ is sync and H is time for one 
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acteristics of the horizontal sync signal has been cred- 
ited as a reason for the reluctance of some manufac- 
turers to build experimental receivers. Now that this 
problem has been resolved even greater manufacturer 
participation is expected. 


INTERNATIONAL BROADCASTING 


CROSS-MODULATION interaction studies in Aus- 
tralia and Europe are providing valuable theoretical in- 
formation which may be used for measuring the magnetic 
field in the E-layer of the ionosphere. The presence of 
certain electric currents in the ionosphere has been 
postulated to account for numerous terrestrial magnetic 
variations. A very interesting secondary result of these 
investigations which concerns skyway reception is the 
observation that conditions due to this type of inter- 
ference are present much more than is commonly sup- 
posed. However, our European observers state that ether 
conditions in Europe now preclude skyway reception. 
Apparently very few people there attempt to receive sta- 
tions which are not within ground wave range due to 
the absence of clear channels for wide area coverage. 


INTERFERENCE 


SPURIOUS EMISSIONS—Commending the Joint 
Technical Advisory Committee on its admirable report 
on “Radio Spectrum Conservation,” the FCC now asks 
JTAC for further study of “spurious radiation.” Com- 
ments Chairman Walker: 

“In providing for the maximum use of the radio spec- 
trum, the Commission has been confronted with the 
necessity for controlling the radiation of radio frequency 
energy which does not make constructive use of the 
spectrum. Such radiation results in interference which 
is not only wastful but may be also dangerous where 
the safety radio services are involved. The spurious 
radiation from transmitters, receivers and other equip- 
ment, coupled with the inadequate selectivity of receiv- 
ers, presents a problem of spectrum engineering which 
has greatly increased in importance and difficulty i 
recent years. 

“With manual operation and aural reception, inter- 
ference is rapidly noted and prompt corrective measures 
are generally feasible. However, with the trend toward 
automatic operation, interference cannot readily be de- 
tected and remedial measures are not easy. The wider 
bandwidths used in many new applications increases the 
vulnerability to interference. The situation is further 
aggravated by the development of high powered trans- 
mitters and the parallel development of receivers having 
low inherent noise, and the tendency towards the ge0- 
graphical concentration of many types of services.” 
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AUDIO MANPOWER 


SEVERAL LARGER TV AND RADIO set manu- 
facturers are reported as now locking to the high fidelity 
market with considerable interest. The annual “Hi-Fi” 
business volume has been increasing steadily in recent 
years and these manufacturers are weighing thoughts 


of perhaps including “Hi-Fi” models in their receiver . 


lines. The audio equipment manufacturers are notice- 
ably concerned over this possibility. They feel that “Hi- 
Fi’ on a mass production basis would be mediocre at 
best from a performance standpoint, that it would force 
down unit selling prices, that it would cause a lowering 
of quality standards throughout the industry to meet 
competitive prices and that any lowering of quality 
standards might in turn sour the public on the purchase 
of “Hi-Fi” equipment. 


TEST EQUIPMENT 


STANDARDIZE INSTRUMENT CONTROLS? 
The cathode ray working group of AIEE is reported to 
be considering the establishment of standards for the 
placement of controls on cathode ray oscilloscopes. This 
same thought might also be advantageously employed 
on other types of test equipment. The idea certainly has 
considerable merit when one considers the time lost by 
engineers now in having to familiarize themselves with 
the control operation of each item of test equipment 
that they plan to use. Clutch and brake pedals have 
standard locations in all automobiles and learning to 
drive one enables you to drive all. Standardizing the 
control locations on various test equipment items would 
be likewise effective. 


ELECTRONIC PRINTING 
PHOTOELECTRIC TYPESETTING—What elec- 


tronic tubes have done for other forms of communica- 
tion, may now revolutionize typesetting and printing. 
In the newest Photon system, the keyboard characters 
are “memorized” electronically, as in a computer cir- 
cuit, and are then expanded or “justified” to fill the 
line. This completed, the characters are printed on film 
from a whirling disc, by light flashes controlled at the 
Proper instant. A simple disc suffices for any size of 
type of the same font, by varying the lens position. 
Speeds up to 12,000 characters per hour, have been 
obtained,—three times the operating speed of conven- 
tional typesetting machines. The finished composition 
is a film negative from which the printed page will 
be reproduced. 
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WARNING!—“The manpower situation is becoming 
so critical that before long contracts will either have to 
be extended or cancelled,” observed Maynard M. Bor- 
ing, personnel manager of General Electric, at a recent 
armed forces conference. He attributed the reason for 
this precarious position to the shortage of engineering 
graduates—a shortage which is being made increasingly 
critical by the growing drain of the Reserve Officers 
Training Corps. The percent of engineering students in 
the ROTC has been increasing although total enroll- 
ment has been falling. In 1952, 16% of 29,000 engineers 
graduated from 196 colleges were in the ROTC. They 
have been called to active duty for two to three years. 
In 1953, 21,000 graduates will include 22% ROTC. The 
figure will rise to 46% of 17,500 in 1954, and 52% of 
21,000 in 1955. The preliminary count for 1956 is 65% 
of 25,000 graduates. Under normal conditions a substan- 
tial number drop from ROTC at the end of the sopho- 
more year. Today this drop apparently is only 3%. 
Considering that a shortage of 40,000 engineers exists, 
it would be a good idea for the armed services to ease 
up and permit more technical men to enter industry. 


Brig. ‘Gen. L. 1. Davis, armament director at Baltimore Air Force 
Air Research & Development Command, and B. Geyer, GE engineer, 
inspect OARAC, a new digital computer for the Flight Research 
Lab., Wright Air Development Center, Dayton, Ohio. Center section 
contains operations panel and high speed input and output tape 
mechanisms. 1400 tubes and 7000 diodes are employed by equipment. 
Additional technical details are described elsewhere in this issue. 
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Casting Resins for Electronie| 


Methods of applying embedding techniques to circuit components and assemblies, 


for aircraft. Advantages over conventional coatings are improved dissipation, moisture 


By WILLIAM R. CUMING 
Emerson & Cuming, Inc. 
869 Washington St., Canton, Mass. 


HE use of casting resins and em- 

bedment techniques as applied to 
electronic equipment has increased 
' greatly during the past five years. 
The early use of these materials was 
confined to the embedment of com- 
plete circuit assemblies. The use to- 
day is of much larger scope. Casting’ 
’ resins, or, more properly, formula- 
tions based on casting resins, are 
used as coatings, impregnants and 
even molding compositions. These 
resins are used in processing re- 
sistors, capacitors and transformers, 
as individual circuit elements and 


even in the construction of electronic 
hardware. 


Advantages & Limitations 


It will be worthwhile briefly to re- 

view some of the advantages and 
limitations in the use of casting 
resins. These refer specifically to the 
embedment of electronic circuits, 
where the circuit is placed in a mold 
and the resin polymerized around it 
to produce a completely solid struc- 
ture. 
Hermetic Sealings: It is well 
known that all plastic materials will 
absorb and transmit moisture. For 
the required degree of protection, 
two factors must be considered: (a) 
the moisture absorption of the resin, 
and (b) the moisture transmission. 
Moisture absorption by a resin re- 
sults in impairment of its electrical 
properties. Insulation resistance de- 
creases, dielectric constant increases, 
and dissipation factor increases. 

Moisture transmission through the 
embedment compound will, of 
course, have a direct effect on the 
circuit elements. Difficulties in this 
respect can almost. always be cor- 
rected by a small increase in thick- 
ness of the embedment compound. 

It-is good practice to test a blank, 
that is, a casting of the same physical 
characteristics of the embedded unit, 
under humidity conditions to deter- 
mine what the moisture absorption 
effects will be. For unfilled polyester 
type resins, ¥%-in. has been found 
adequate for a moisture seal on most 
sensitive components. For example, a 


precision mica capacitor which was 
very sensitive to high humidity was 
embedded in a block of plastic so that 
the coating had a thickness of ap- 
proximately ¥% inch. The plastic used 
was a polyester resin of the rigid 
type with a moisture transmission 
coefficient of 150g/100 sq. m./hr. (for 
1 mil film) and a moisture absorp- 
tion of 0.2% in 24 hours at 25° C. 
After 1,000 hours in 100% relative 
humidity, the capacitor had not in- 
creased in capacitance or dissipation 
factor. 


Problem of Moisture 


When embedding circuits or com- 
ponents, there is always the problem 
of moisture tunneling into the em- 
bedment at the interface between 
the plastic material and the metal 
lead. It is, therefore, good practice to 
use solid bare single conductor leads 
at the entry point. It is also good 
practice to locate leads so that the 
plastic material in polymerization 
shrinks on to the surface at which 
a seal is desired. This difficulty can 
usually be overcome by the use of a 
priming coat of good adhesion. Small 
molded connectors are sometimes 
made a part of the casting and are 
effective in prevention of moisture 
tunneling. 

Ruggedization and Shockproofing: 
Delicate electronic assemblies are 


made rigid solid structures through 


casting techniques with no oppor- 
tunity for relative movement of com- 
ponents. By controlling the damping 
characteristic of the cured resin, it is 
possible to control transmission of 
vibrations. 

Acceleration tests made on em- 
bedded circuits for guided missile 
use have indicated that there is no 
damage to the embedment resin or 
to properly embedded components. 
Difficulties are more likely to occur 
within vacuum tubes or other circuit 
elements. 

Elimination of Mountings: Mount- 
ings, terminal strips and other hard- 
ware are minimized or eliminated in 
embedded circuits. Often bare point- 
to-point wiring may be used for 
rapid cireuit assembly. Insulation is 
adequately supplied by the resin. 

Miniaturization: Three dimensional 
packing of components permits mini- 
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aturization. For example, on some 
well designed embedments it has 
been possible to utilize over 60% of 
the volume of the embedment in 
components. 

There are a number of limitations 
on the use of casting resins to embed 
circuits. A few of the more import- 
ant are presented. 


Repair: The repair of embedded 
circuits is very difficult and in most 
cases impractical. The use of solvents 
to dissolve the resin is time-consum- 
ing and often results in destroying 
circuit elements. It is possible, how- 
ever, to recover certain valuable 
components by this method. Drilling 
into an embedment, making the re- 
pair and recasting is sometimes used, 
but is a rather expensive procedure. 
Moreover, this requires the use of a 
transparent casting resin. One ap- 
proach is to embed assemblies as 
units which are to be discarded if 
trouble appears. 

Heat Dissipation: The dissipation 
of heat from within an embedded 
circuit is a problem which must be 
considered carefully during physical 
design phases. Tests on subminiature 
vacuum tubes, operating under rated 


-conditions, indicate that the surface 


temperature of a tube embedded in 
a one-inch cube of polyester resin 
will be approximately 85° C above 
ambient, whereas the surface of the 
tube in air under free convection 
conditions will be 70° C above am- 
bient. The thermal conductivity of 
the resin in this instance was 15 
BTU/ft?/hr/°F/in. 


Surface Temperature 


Surface temperature of the em- 
bedded tube increased at the rate of 
30° C per watt of dissipation. The 
surface of a % watt carbon resistor 
at rated dissipation was 30° C above 
ambient, whereas the surface tem- 


_ perature of a 1 watt resistor at % 


watt dissipation was 23° C above am- 
bient. Both were embedded in the 
center of a one-inch cube. This in- 
dicates some advantage in the use of 
over-rated heat dissipation comp0- 
nents. 

Under conditions where comp0- 
nents are closely packed and where 
assemblies are in confined spaces S0 
that there is no appreciable air flow, 


fi 


Rquipment 


including shockproof units 
and corona properties 


circuits run at. approximately the 
same temperature whether em- 
bedded or not. This is due, of course, 
to the poor heat transmission through 
still air. 

Many components will operate at 
much higher temperatures within an 
embedment than they will in air. 
Two reasons for this are the elimina- 
tion of attack by oxygen and the 
prevention of escape of volatile con- 
stituents. 

There is, of course, an effect on 
circuit constants when an assembly 
is embedded. It is usually necessary, 
therefore, to make preliminary em- 
bedments of a circuit or component 
to determine what these effects are 
and to then take them into account 
on the final design. 

In some instances it has been 
found desirable to allow for screw 
driver adjustment within an embed- 
ment. A small void is left, adjust- 
ment made, and the void is then 


filled. 


Core of Embedment 


A series of Q meter coils which 
ranged in frequency from 5 to 60 
Mc and in which the Q’s were from 
140 to 170 were embedded in a resin 
with a dissipation factor of approxi- 
mately 2% and a dielectric constant 
of approximately. 3.0. The winding 
mandrel for the coils was polysty- 
rene, This material remained as the 
core of the embedment. It was found 
that embedment in a large mass of 
tesin caused a 5% decrease in Q and 
an increase in distributed capaci- 
tance of the order of 1 uuf. 

The embedment of precision com- 
ponents presents several problems. 
The embedment compound may have 
an effect on the material from which 

component is constructed. This 
may be due to solvent action by the 
resin or pressure due to shrinkage 
on polymerization. The effect is not 
always reproducible to the degree 
required. : 

Weight addition due to potting 
equipment is a design consideration. 

e specific gravities of most casting 
fesin compositions range from 1 to 
15. When embedment is used on a 
Physically well designed unitized as- 
sembly, weight is increased roughly 

(Continued on page 168) 
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Fig 1: Dip-coated transformers show improved moisture sealing and heat dissipation properties 


Fig. 3: Helical antenna embedded in rugged polythylene casting fits into radome housing 


Fig. 4: Thermistor assemblies for measuring underwater temperatures are sealed against 300 psi 


Fig. 1: Five-channel correlator provides rapid evaluation of correlation functions 


Recently developed device extends application of sta- 
tistical theory to communication problems by rapid simul- 
faneous computation of five points of a correlation curve 


By M. J. LEVIN & J. F. REINTJES 
Massachusetts Institute of Technology, Cambridge, Mass. 


HE application of statistical tech- 

niques and probability theory to 
the field of communications has pro- 
vided electrical engineers with new 
and valuable tools for understanding 
and handling problems arising in 
this field. Of great importance to 
these techniques are the correlation 
functions of the time series involved 
in the problems under consideration. 
As is well known, the crosscorrela- 
tion function of f,(t) and f,(t) is 
defined as 

tT 


U 
Qyg'T + tie f,(tdfa(t +T) at (1) 
Too -T 


The autocorrelation function of f, (t) 
is defined as 


T 
0) (T) = tim 
AA a RT *T) at. (2) 
-T 


Here f,(t) and f,(t) represent time 
series such as signals or noise and t 
represents a displacement in time. 
The crosscorrelation function is, 
then, a curve plotted against t. Each 
point on the curve represents the 
average value of the product of 
f,(t), and f,(t) delayed by t. The 
autocorrelation function can be de- 
scribed in a similar manner. These 
functions are especially useful, since 
they can be computed from the actu- 
al time series under consideration 
by means of electronic correlators 
where analytic calculations would 
be difficult or impossible. 
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A Five. 


The evaluation of a correlation 
function in its exact analytic form 
by electronic equipment would re. 
quire continuous multiplication and 
integration over an infinite time in- 
terval for each value of + desired, 
This would be inconvenient; but 
fortunately it can be shown that a 
close approximation to the correla. 
tion function can be obtained which 
is suitable for electronic computa. 
tion. For the crosscorrelation func- 
tion it takes the form, 


N 
DpO=Z iz am (3 

nt 
An analogous expression is valid for 
the autocorrelation function. Here a, 
is a sample (instantaneous value) 
of f,(t) obtained at time t, and b, 
is a sample of f,(t) obtained at time 
(t-++t). The approximate value of 
the correlation function for each 
value of t is obtained by suming N 
products of sample pairs. The error 
involved in this process can be cal- 
culated, and it is found that when N 
is of the order of magnitude of 10,- 
000, the accuracy is adequate for 
most purposes. 

Correlators for obtaining this ap- 
proximation can be constructed by 
utilizing pulse-circuit techniques. To 
obtain each point on a curve the fol- 
lowing operations are needed: First, 
two samples of the input time series 
separated by the time t are obtained. 
The two sample values are multi- 
plied and the resulting product 
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Fig. 2: Sampling sequence, single channel unit 


stored. This process is repeated for 
N different pairs of samples. Then 
the N products are added and the 
resulting value displayed as one 
point on the curve. The entire proc- 
ess is repeated for each different 
value of t desired. The increment in 
t between successive points on the 
curve is referred to as At. 

The multiplication and addition 
can be done by either digital of 
analog techniques. Experience has 
shown that digital equipment is in- 
herently more accurate and flexible, 


ee 


PPEPLCTAPR Sa 


Channel Analog Correator 


put that analog equipment operates 
more rapidly and requires much 
simple circuitry. For example, the 
digital single-channel correlator * 
at the Research Laboratory of Elec- 
tronics at M. I. T. contains 400 
vacuum tubes; the single-channel 
analog correlator’? there requires 
only 60. When At is 1 usec and 8000 
sample pairs are taken, the digital 
correlator requires 20 seconds to 
compute one point on a curve; the 
analog correlator, ten seconds. For 
the computation of a complete curve 
of 110 points, the analog correlator 
needs 18 minutes, while a curve of 
five points takes 50 seconds. 


Correlation Functions 


The long-time intervals required 
to obtain complete correlation func- 


SAMPLING PULSE GENERATOR 


GATING CIRCUITS 
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tions with this present equipment, 
in addition to being time consuming, 
limits the use of correlation tech- 
niques in many of their present ap- 
plications. For example, the use of 
correlation functions makes it pos- 
sible to detect the presence of a 
periodic signal obscured by noise. 
This suggests the possibility of an 
application to radar, but clearly, the 
periodic signal must be detected 
more rapidly than the correlators 
described above are capable of doing 
for any practical use to be made of 
this property. An additional diffi- 
culty presented by long-time inter- 
vals of computation is that the char- 
acteristics of the time series may 
change during the period of observa- 
tion. Then, each point on the curve 
is obtained under different condi- 
tions, providing erratic results. 
Equipment for the more rapid 
evaluation of correlation functions 
is, then, highly desirable. This paper 
describes a correlator? which has 


Fig. 4: Sampler operating sequence for obtaining (A) first and (B) second group of points on a curve 
Fig. 5: (r) Sampling pulse generator derives pulses from 1-me oscillator to trigger the ring-chain counter 


Fig. 3: Block diagram of the five-channel correlator shows arrangement for sampling time series 


been designed with the primary ob- 
jective of presenting rapidly the 
approximate form of a correlation 
curve, rather than obtaining a high 
degree of accuracy. Five points on 
the correlation function of a time 
series are obtained simultaneously. 
Because of this, and other time- 
saving features, a curve of five points 
is computed and presented in only 
four seconds for the same value of 
Art and number of sample pairs men- 
tioned above. The correlator can be 
set to obtain any one of eight groups 
of five points along a curve. It was 
constructed for use as a practical 
laboratory tool and also to test the 
practicability of multi-channel cor- 
relators. Important characteristics 
of this equipment are given in Ta- 
ble I. A picture of the complete unit 
is shown in Fig. 1. 


To aid in explaining the operation 
of the five-channel correlator, the - 
operation of a single-channel corre- 
lator of the same type will first be 
described. As previously indicated, 
the evaluation of a crosscorrelation 
function involves the sampling of 
two time series, f,(t) and f,(t), at 
a time Tt apart. This is shown in Fig. 
2. The first two sample values, a, 
and b,, are multiplied and the prod- 
uct stored. The circuits in this equip- 
ment require 400 usec to complete 
this multiplication. After the 400 
usec a second pair of samples, a, 
and b,, is obtained, multiplied and 
the product stored. This continues 
until a predetermined number of 
sample pairs has been obtained, at 
which time the process is stopped 
and the resulting sum of all the prod- 
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FIVE-CHANNEL ANALOG CORRELATOR 


(Continued ) 


PULSE STRETCHING CIRCUIT 
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DISCHARGE TUBES 


ucts displayed as a point on the cor- 
relation curve for the particular 
value of t used. The adder is then 
reset and the next point on the curve 
computed with the value of Tt in- 
creased by the amount Ar. 

The five-channel correlator oper- 
ates in an analogous manner. A block 
diagram of this correlator is pro- 
vided in Fig. 3. The time series f, (t) 
is sampled by the A channel sam- 
pler. Then f£,(t) is sampled by the 
five B-channel samplers at five dif- 
ferent times, the timing between the 
A sampling pulse and each B sam- 
pling pulse being correct so as to pro- 
vide the desired value of t. The se- 
quence in which the samplers oper- 
ate when obtaining the first group of 
points on a curve is indicated in 
Fig. 4(A) and for the second group 
of points on a curve in Fig. 4(B). 
The value of Ar is set by the rate at 
which the sampling pulse generator 
is triggered. The proper timing be- 
tween the A channel sampling pulse 
and the B, channel sampling pulse is 
obtained with the gating circuits. 
These gating circuits can be set so 
that any one of eight groups of points 
along the curve can be obtained. 

After the B-channel samples have 
been taken, each B-channel multi- 
plies its sample value by the A- 


Fig. 6 Sampling circuit samples input signal during 0.2 usec period and stores resulting value for 5000 psec with less than 1% decay 


channel sample value and transfers 
the product to its adder (the inte- 
grator). When the sample counter 
indicates that the proper number of 
sample pairs has been collected, the 
flow of products to the adders is 
stopped and the resulting values for 
the five different points on the curve 
displayed. The adders are reset after 
the display period, which is adjust- 
able between seven and twenty sec- 
onds. The reset operation requires 
two seconds. The correlator can be 
set so that the entire process is then 
automatically repeated, or so that 
the next group of points along the 
curve is computed. 


Cireuitry 


Some of the special circuits which 
were developed for this correlator 
will be described. Attempts were 
made t6 achieve simplicity in the cir- 
cuitry in order to limit the correlator 
to a reasonable size. The component 
circuits were designed to be applica- 
ble to a larger correlator containing 
50 channels, but the construction of 
this correlator has not yet been 
started. 

A. Sampling-Pulse Generator: 
This circuit‘ generates sampling 
pulses at intervals of from one to 


TABLE I: CHARACTERISTICS OF 5-CHANNEL CORRELATOR 


bin'9's-0'6s agin Rib hse woece'e 200 CPS to 500 KC 
 PiaGe o,wreke abuse eal 1,2,4,20,80 or 400 “sec 


Number of sample products obtained for each point on a curve 4000, 8000 or 16,000 


Number of sample products obtained per second ........ 2500 for At= 1 UHsec 
500 for At=400 “sec 
Number of tubes excluding power supplies ............0.cccseecccsevcecs 215 
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400 usec depending on the desired 
value of Ar. These sampling pulses 
must be distributed to the five B- 
channels. Requirements of accuracy 
and wide frequency range led to the 
choice of a ring chain counter dis- 
tributor circuit for this purpose. 
Fig. 5 is the block diagram of the 
sampling pulse generator. A one 
megacycle oscillator, peaker and 
pulse-divider chain provide a train 
of pulses occurring at the desired in- 
terval of Ar. The pulses pass through 
a gate circuit which: interrupts the 
pulse train during the 400-usec 
periods which are required for the 
multiplication circuits to operate. 
The pulses which pass through the 
gate are applied to the ring-chain 
counter. The double blocks each rep- 
resent one flip-flop (bistable multi- 
vibrator) stage, the shaded half 
representing the conducting tube in 
that stage. Positive triggering pulses 
are applied simultaneously to the 
cathodes of the upper tube in each 
stage; the plate of the lower tube 
is connected to the plate of the upper 
tube in the next stage. Thus the con- 
ventional scale-of-two counter is 
modified to provide triggering pulses 
applied simultaneously to each flip- 
flop stage. A flip-flop will not change 
state when the positive pulse is ap- 
plied to the cathode of the tube al- 
ready in the non-conducting state. 
The counter in Fig. 5 is in the zero 
position, the condition that stage 0 
will be reset by the next trigger 
pulse. Thus, when the next trigger is 
applied, stage 0 will be reset which 
will trigger stage 1. No other stage 
will change state. A subsequent in- 
put pulse will reset stage 1, which in 
(Continued on page 120) 


TRAIN gages are universally 
used for the measurement of air- 
frame stresses and as the basic 
sensing element in many acceler- 
ometers, pressure gages and other 
measuring instruments. They can be 
made to have an accuracy of better 
than 1% of full scale, excellent line- 
arity and temperature stability. 
However, they are one of the most 
difficult types of instruments to in- 
corporate into FM/FM telemetering 
: systems. The main reason for this is 
the low ratio of output to input volt- 
age. A full scale, open circuit output 
of 2.5 mv/v. input may be considered 
ed typical for many strain gage instru- 
es ments. The resistance of the gages 
B. is between 120 and 1000 ohms, al- 
cy 


though we understand that at least 
he one manufacturer now offers a gage 
= of considerably higher resistance. 

Heat dissipation in the bridge arms 
he limits the power input to approxi- 
ne mately 0.25 watt for unbonded and 
ai one watt for bonded gages so that 
ie the maximum voltage that may be 
ns applied to a 120 ohm gage of either 
gh type is 5 and 10 volts, respectively. 
ne At full output, the bridge delivers 


ee 12.5 for the unbonded, and 25 mv for. 


he the bonded type into a high imped- 
oe. ance load. 

te We now concern ourselves with 
aie the problem of converting the bridge 
-p- output voltage to a variable fre- 
i quency—constant amplitude voltage 
alf for FM/FM_ telemetering. One 
in method which has been used ex- 
ne: tensively since about 1946 consists 
the of a phase shift oscillator containing 
cli the strain gage bridge as a phase 


train-Giage Remote Metering 


AN/AKT-8 instrument incorporates multivibrator circuit in FM/FM system covering 
215 to 230 MC range. Subcarrier oscillators packaged in miniature plug-in units 


Stastny Butts 


By G. F. STASTNY 
& R. S. BUTTS 


Melpar, Inc., 452 Swann Ave. 
Alexandria, Va. 


shift element, The frequency of the 
oscillator is dependent on the phase 
shift in the loop and therefore is a 
function of the bridge unbalance. 

A block diagram of this arrange- 
ment is shown in Fig la. One arm of 
the bridge is shunted by a capacitor 
so that a nearly 90° voltage, E,,, 
exists at the bridge output when the 
arms are balanced. When the bridge 
is unbalanced a voltage of variable 
magnitude and either leading or lag- 
ging E,, is added.’ The resultant is a 
vector voltage, E, having a loci as 
shown in Fig. 1b. The frequency of 
the oscillator is dependent on the 
phase shift in the loop and therefore 
is a function of the bridge unbal- 
ance. 

At bridge unbalance the oscillator 
operates at the frequency for which 
the phase shift in the RC network is 
approximately 90°. 


| Fig. 1: (I) Phase shift 
circuit. Fig. 2: (r) 


ate. ® 


Block diagram of the 
multivibrator circuit 


For a frequency deviation of 
+17.5% of center frequency, which 
is usual for FM/FM systems, the 
corresponding phase shift in the RC 
network will need be approximately 
+ 43° (Pig. 1c). The magnitude of 
the quadrapture voltage E,, is ad- 
justed by selecting the value of C 
so that the resultant bridge output 
voltage phase swings the same 
amount at maximum bridge unbal- 
ance. 

Fairly good linearity of control is 
possible since the cotangent of the 
low pass filter phase angle deviates 
from a straight line approximately 
3.9% over a total variation of + 43°. 
The loop gain variation as frequency 
changes may have a secondary effect 
on frequency of oscillation so as to 
possibly effect linearity. This has not 
been computed and experimental re- 


. sults show linearity of 2% may be 


obtained. 


Determining Gain 


The gain required in the amplifiers 
may be determined as follows. If the 
commonly used 120-ohm strain gage 
bridge is considered we would use 
a 9 to 1 turns ratio step down trans- 
former between the driver tube and 
the bridge for proper impedance 
matching. The quadrature voltage 
should be 14 times the unbalance 
voltage, Ep, or 1/28 of the bridge in- 
put voltage for + 43° phase devia- 
tion. The loss in the two stage RC 
phase shifter will be approximately 
2. Therefore, the minimum gain re- 
quired from the bridge output to the 
plate of the driver stage is approxi- 
mately 500. The use of three stages 
provides a sufficient additional gain 
to permit negative feedback stabili- 
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REMOTE METERING (Continued) 


zation in the amplifier. An additional 
stage would be required to isolate a 
desirable low impedance output cir- 
cuit from the high impedance oscil- 
lator circuits. 

The output voltage is found to 
vary about 5% over the frequency 
range. A low pass filter is needed 
in the output to reduce the harmonic 
distortion to 1% or less. 

Another circuit we have recently 
employed might be called a multi- 
vibrator bootstrap circuit. A block 
diagram is shown in Fig. 2. In this 
arrangement the bridge is driven 
with a square wave from the two 
cathodes of the multivibrator. The 
multivibrator grids are returned to 
a positive bias voltage. The fre- 
quency of the multivibrator is a 
linear function of the bias voltage 
over a considerable range. 

The scheme is to superimpose the 
amplified bridge square wave output 
voltage onto the positive bias so as 
to make the instantaneous bias and, 
hence, frequency a function of the 
magnitude of the bridge output volt- 
age. Remember that the grid of the 
tube which is not conducting in any 
half cycle is the only one to be af- 
fected by the instantaneous value of 
the external bias. If the bridge out- 


put voltage is not changing, both 
grids are exposed to the same value 
of bias since the polarity of the 
bridge output voltage switches as the 
multivibrator reverses. The circuit 
employs five triode sections. 

Fig. 3 is a curve of multivibrator 
frequency as a function of positive 
bias and shows the control range for 
+ 742% frequency deviation. A bias 
voltage change of +5 volts is re- 
quired. A practical value of bridge 
driving voltage for this arrangement 
is 1 volt peak to peak. For a maxi- 
mum 2.5 millivolt bridge output an 
amplifier gain of 2000 is required. 
This can be obtained with transfor- 
mer coupling and three triode stages 
with sufficient additional gain for 
negative feedback stabilization. A 
schematic of this circuit is shown 
in Fig. 4. 


Regulated Plate Supply 


It is desirable to use a regulated 
plate voltage supply for this multi- 
vibrator type subcarrier oscillator 
wherever possible since it is quite 
voltage sensitive. However, where 
battery operation is required, a cir- 
cuit has been developed which 
greatly reduces the effect of plate 
voltage variation. The frequency of 
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Fig. 3: Bias control characteristic for multi. 
vibrator shows range for a deviation of 7.5% 


the multivibrator decreases with in- 
creasing plate voltage as shown in 
Fig. 7. By adjusting the dc positive 
bias applied to the grid returns of 
the multivibrator, the frequency may 
be readjusted to the nominal value 
for any given change in plate supply 
voltage. However, a nonlinear com- 
pensation is required. This is pro- 
vided by using a 9002 triode tube as 
a nonlinear resistance element in a 
voltage divider circuit. The same 
compensating curve is applicable to 
all six subcarrier oscillators so that 
one compensator may be used to 


Fig. 4: Circuit of multivibrator subcarrier oscillator employs triode stages with gain sufficient for negative feedback stabilization 
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regulate all six oscillators simul- 
taneously. 

To maintain reasonable accuracy 
under varying temperature condi- 
tions, the RC combination in the 
grid circuit of the multivibrator is 
designed to remain nearly constant 
under varying temperature condi- 
tions. 


Temperature Coefficient 


The capacitors used in the grid 
plate coupling circuits of the multi- 
vibrator are vitreous enamel dielec- 
tric type having a temperature co- 
efficient of +120 parts per million 
per degree C. This coefficient is quite 
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Fig. 7: Plate voltage compensation curve 


stable and apparently reproducible 
in production quantities. In fact, the 
tolerance on the temperature co- 
efficient is stated by the manufac- 
turer to be + 5 ppm/°C. If this posi- 
tive temperature coefficient can be 
matched with a stable resistor hav- 
ing a negative coefficient of the same 
value, a constant RC product with 
Tespect to temperature will result. 
This condition is approached by the 
Use of a series combination con- 
sisting of a wirewound resistor hav- 
ing a negative coefficient of 10 to 
30 ppm/°C and a deposited film re- 
sistor having a negative coefficient 
of 280 to 420 ppm/°C. The resistance 
Values of the two resistors are pro- 


Be tf 
7 ge 


Fig. 5: (1) Exploded view of AN/AKT-8 FM/FM telemetering transmitter. Fig. 6: (r) One of six miniature plug-in subcarrier oscillators in AN/AKT-8 


portioned so that the resultant tem- 
perature coefficient of the combina- 
tion is — 120 ppm/°C. 

Resistors and capacitors having 
standard production tolerances of 
temperature coefficient have been 
used in a limited number of oscil- 
lators with a fairly low rejection rate 
of completed oscillators due to ex- 
cessive temperature drift. The latter 
can be held to a value less than 
+ .15% of center frequency over a 
temperature range of — 17 to +-40°C. 

This multivibrator type circuit has 
been incorporated into a six channel 


FM/FM telemetering transmitter. 


which bears the nomenclature 
AN/AKT-8. This is shown in Fig. 5. 
The six subcarrier oscillators are 
packaged as individual plug-in units, 
miniature construction being used. 
Fig. 6 is a photograph of one of 
these units. The overall dimensions 
of each of the subcarrier oscillators 
are 8.5 x 5 x 1 inches and the weight 
is 1.5 lbs. The use of an etched foil 
conductor process results in a readily 
serviceable unit with access to all 
components. With the exception of 
the capacitors in the multivibrator 


and the components in the output 
circuit, all six channels use the same 
parts. 

Resistance and capacitance bridge 
balance controls have been incorpo- 
rated into each of the subcarrier 
chassis so that no external bridge 


Fig. 8: R-F transmitter covers 215-230 MC 


balancing components are required 
in the installation. 

The AN/AKT-8 employs an r-f 
transmitter having a diameter of 2 
in. and a length of 4 in. It is shown 
in Fig. 8. The weight of the r-f 
transmitter is 1 lb. The transmitter 


(Continued on page 176) 
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Schematic diagram showing services offered by NBS Radio Broadcasting Station WWV. At start of each 
hour, a 600-cycle tone is heard for four minutes. This is interrupted by a 1-minute announcement 
period in which Eastern Standard Time is announced in voice and Universal Time in code. At con- 


clusion of announcement period, a 440-cycle tone is transmitted for four minutes. Announcements are 


repeated for new time and then followed by 4-minute 600-cycle tone. A pulse of 0.005-second du- 
ration at intervals of one second is broadcast simultaneously with audio notes. At 191% and 491, 
minutes past the hour, radio propagation disturbance warnings are transmitted in code. 
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nce again New York City plays 

host to the IRE’s National Con- 
vention, March 23-26, 1953. Some 220 
technical papers will be presented at 
43 sessions held in the Waldorf- 
Astoria Hotel, Belmont Plaza, and 
Grand Central Palace. A record at- 
tendance of 30,000 radio engineers 
from all over the world is expected 
to view the 400 exhibits which will 
fill the four floors of Grand Central 
Palace. Exhibits on the third and 
fourth floors will be grouped accord- 
ing to such subjects as audio, com- 
ponents, instruments, mobile equip- 
ment, military radio and computers. 
Several theaters will be provided for 
audio and TV demonstrations. The 
comprehensive display of radio-elec- 
tronic aparatus is valued at $10 mil- 
lion. 


Convention Highlights 


Other highlights of this impressive 
1953 Convention will include the pre- 
sentation of the gavel of office to 
IRE president J. W. McRae by his 
predecessor D. B. Sinclair, and the 
principal address by William R. 
Hewlett of Hewlett Packard Co. at 
the March 23 opening meeting at 
10:30 AM in the Waldorf-Astoria 
Grand Ballroom. A_ get-together 
cocktail party will be held the eve- 
ning of March 23. On March 25, the 
Annual IRE Banquet will feature an 
address by David Sarnoff. 

Since Grand Central Palace is not 
expected to be available next year, 
plans are under way to hold the 1954 
Convention in the Kingsbridge Ar- 
mory, Bronx, N. Y., one of the largest 
in the world. 

The technical program includes 
the following papers: 


Preview of the 1953}] 


Record-breaking meeting to hear 220 technical 
dustries. Turnout of 30,000 engineers expected 


Monday, March 23 


ANTENNAS |—GENERAL 


“The Measurement of Highly Directive An- 
tenna Patterns and Over-All Sensitivity 
of a Receiving System by Solar and Cos- 
mic Noise”’—J. Aarons, Air Force Cam- 
bridge Research Center. 

“Radiation Patterns for Aperture Antennas 
with Non-Linear Phase Distributions’— 
C. Allen, General Electric. 

“Factors Affecting Radiation Patterns of 
Corrugated Surface Antennas’”— Ehr- 
lich and L. Newkirk, Hi es Aircraft. 

“A Microwave Anechoic Chamber for An- 
tenna Pattern Measurements”—A. H. Sim- 
mons, Naval Research Lab. 

“Wide-Frequency-Range Tuned Circuits and 
Antennas”—A. G. Kandoian and Sichak, 
Federal Telecommunication Labs. 


: TELEVISION | 
“Theory of Synchronization Applied to 
NTSC Television”—D. Richman, Hazeltine. 


“Color Synchronization in the NTSC Color 
Television Receiver by Means of the Crys- 
tal Filter”’—W. E. Good, General Electric. 

“Automatic-Phase-Control Color Synchroni- 
zation for NTSC Color Television’—D. 
Richman, Hazeltine. 

“Transient Response In a Color Carrier 
Channel With Vestigial Side Band Trans- 
mission”—J. S. S. Kerr, General Electric. 

“Transients in Color Television”—P. W. 
Howells, General Electric. 


CIRCUITS I—NETWORK THEORY 


“A General RLC Synthesis Procedure”’— 
L. Weinberg, Hughes Aircraft. 

“A General Theory of Wide-band Match- 
ing”—H. J. Carlin and R. LaRosa, Poly- 
technic Institute of Brooklyn 

“Synthesis of Electric Filters With Arbitrary 
Phase So gpraareered tee J. Bennett, 
Stanford 

«Whie-Band. Filter Amplifiers at Ultra-High- 
Frequencies”—J. M. Pettit, W. A. Chris- 
topherson and D. O. Pederson, Stanford U. 

“Network Analysis With the Aid of Gen- 
erating Polynomials’—H. Kurss, Poly- 
technic Institute of Brooklyn. 

“Two New Equations for the Design of Fil- 


ters”—M. Dishal, Federal Tel 
tion Labs. a 


ELECTRONIC COMPUTERS | 


“Multichannel Analog Input-Output 
version System for 6 ag ‘Computer’ 
P. A. Adamson and M. MacKnight, 
Pye nals t nto Digi 1 C 

24 log to ta ‘onverter Wi 
Improved Linear Sweep Ganeratertoit D. 
ned Slaughter, Calif. Institute of Tech. 

ogy. 

“Dynamic Binary Counter With 
Read-Out”—L. Packer, Columbia U. 
“Life and Reliability Experience With 
Transistors in a High Speed Digital Com. 
puter”—J. J. Scanlon, Bell Tel. Labs. 
“Engineering Experience in the Design ani 
nena ay a Large Ngo Elocteastans 

lemory”’. Logue, A. Brennemann 
A. Koelsch, IBM. = 


SYMPOSIUM: INSTRUMENTATION I—AUTOMATIC 


“A New Method for Measuring Noise Figure 
and Gain of a Radar Receiver” —R. J. Par- 
ent and V. C. Rideout, U. of Wisconsin. 

“Automatic Instrumentation for Continuous 
Monitoring of Systems Performance’— 
M. V. Ratynski, M. Kant and H. Webb, 
Rome Air Development Center. 

“Automatic One-Shot a for Band- 
width Measurement”—J. B. Woodford, Jr. 
and E. M. Williams, Gomels Institute of 
Technology. 

“Microwave Power Meter with Automatic 
Zero Setting and Telemetering”’—L. A. 
Rosenthal and G. M. Badoyannis, Rut- 


gers U. 

“Monitoring of Errors in Synchro Servo 
Systems”—G. Quazza, Polytechnic Insti- 
tute of Brooklyn. 


RADIO LOCATION, NAVIGATION AND AIRBORNE 
ELECTRONICS 


“The Technique of Monopulse Radar’— 
W. Hausz, General Electric. 
“Reducing Sky Wave Errors in CW Track- 
ing Systems”—M. S. Friedland, Patrick 
Air Force Base, and N. Marchand, Elec- 

? pong — eet f Int tor T: Signal 

z pplication 0: egrator 
Enhancer to Direction Finding Equip- 
ments”—C. A. Strom and J. A. Fantoni, 
Rome Air Development Center. 

“A Theory of Target Glint or Angular Scin- 
tillation in Radar Tracking’”—H. Delano, 
Hughes Aircraft. 

“Automatic Dead Reckoning me 

Computers for Aircraft”—J 

Wright Air Development one 


Tuesday, March 24 


ANTENNAS lI—MICROWAVE 


“Arrays of Flush Mounted Travelling Wave 
Antennas”—J. N. ag Vv. H. Rumsey 
and T. E. Tice, Ohio Sta 
“Transient Build- 


ite U. 

Up of the Antenna Pat- 
tern in End-Fed Linear Arrays”—N. 3. 

Enenstein, Hughes Aircraft. 

“A New Microwave Reflector”—K. S. Kelle- 
her, Naval Research Lab. 

“Crosstalk in Radio Relay Systems Caused 
by Foreground Reflections”—H. W. Evans 
Bell Tel. Labs. 

“Low Side Lobes in Pencil-Beam Antenna 
—E. M. T. Jones, Stanford Research Insti- 

tute. 


TELEVISION 11 


“Probability Distribution Measurements of 
Kaw Seed acy F. Schreiber, 


Cruft Lab., Harvard U 
“Colorimetric Properties of Gamma 

rected Color Television Systems 
Livingston, Sylvania. 
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“Phase M 


easurements at Subcarrier Fre- 
in Color. Television”—A. P. 


ral Electric. 


“A cen Line Selector for Television 
C. Abrahams and R. C. 


General Electric. 
“A Monitoring System for NTSC Color Tele- 
E. Page, Hazeltine. 


Use” —I. 


vision Signals”—C 


CIRCUITS II—SYMPOSIUM: PANEL DISCUSSION 
ON WIDEBAND AMPLIFIERS 


“Conventional Amplifiers’— 
Philco. 
a, Amplifiers” — 


Tel. Lab 


uted Amplifiers”—W. 


H. N. Beveridge, 
Transistor Amplifiers”—R. L. Wallace, Bell 


“Distrib G. Tuller and 
E. H. Bradley, Melpar Electronics. 


E Convention 


rs covering all phases of the electronic in- 
fo view 400 exhibits valued at $10 million 


Stern, 


or, 


Bradley, 


“fiers “Using ope 


“Traveling Wave Tube Amplifiers”—L. 
Field, Stanford U. 


ELECTRONIC COMPUTERS II 


S Ampli- 
| onase A- ‘Voltages — 
t. Bickerdoee Hughes Aircraft. 

“gpme Recent Develo 
and-Or’ ds for 
—C. Leondes, U. of Nang daa pos 
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Rodis, “ng One and 


W. Woo, Rayth 

“gimpls pA ag tor ‘Automatically Plot- 
ting Correlation Functions”—A. H. Schoo- 
ley, Naval Research 


2 ior Ele- 
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(Continued on page 135) 
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BELMONT-PLAZA WALDORF-ASTORIA GRAND CENTRAL PALACE 
Moderne Room Grand Ballroom Astor Gallery Jade Room Gold Hall Blue Hall i 
Mon. | Antennas I - Television I Circuits I - Network Electronic Computers § Symposium: Instru- | Radio Location, 
P.M. | General Theory I mentation I - Auto- | Navigation and 
matic Airborne Elec- 
tronics 
2:30 | Session 1 Session 2 Session 3 Session 4 Session 5 . Session 6 
Tues.} Antennas II - Television Il Circuits II - Sympos- Electronic Computers § Instrumentation II- | Significant 
A.M. | Microwave ium: Panel Discussion | II Symposium: Trans- | Trends in Air- 
on Wideband Amplifiers istor Measurements | borne Equipment 
10:00] Session 7 Session 8 Session 9 Session 10 Session 11 Session 12 
Tues.| Antennas II - Symposium: Diagnos- | Circuits II - Time Electron Devices I - Instrumentation II | Symposium: 
P.M. | Propagation tic Programs and Mar-} Domain Networks - Transistors - Electronics Trends in Mobile 
ginal Checking for Delay Lines Communications 
Large Scale Digital 
Computers 
2:30 | Session 13 Session 14 Session 15 Session 16 Session 17 Session 18 
_ Session 19 
8:30 (to be announced) 
. Wed. | Electron Devices] Circuits IV - Active Noise and Modulation Symposium: Televi- Quality Control Seminar: Acous- 
A.M. | II - Electron Networks - Transis- sion Broadcasting Methods Appliedto j|tics for the 
Tubes tors Electron Tube and Radio Engineer 
Electronic Equip- -I 
ment Design 
10:00} Session 20 Session 21 Session 22 Session 23 Session 24 Session 25 
Wed. | Electron Devices § Information Theory Communications Sys- | Symposium: Tele- Microwaves I - Sym-|Seminar: Acous- 
P.M, | Ill - Microwave § I - Recent Advances tems vision Broadcasting posium: Manufacture | tics for the 
Tubes and UHF of Microwave Radio Engineer II 
Equipment 
a 2:30 | Session 26 Session 27 Session 28 Session 29 Session 30 Session 31 
|Moderne Room Grand Ballroom Starlight Roof Seat Row Gold Hall Blue Hall 
Thurs. Symposium: Information Theory Medical Electronics Broacast and Tele- Microwaves Il -Dis- | Radio Telemetry. 
A.M. }| Nucleonics II - Theoretical vision Receivers - I continuities and 
. Transitions 
10:00] Session 32 Session 33 Session 34 Session 35 Session 36 Session 37 
Thurs. Audio Engineering Manage- | Information Theory Broadcast and Tele- Microunves tii < Remcte Control 
P.M. ment Ill - Coding vision Receivers - Ferrites and Systems 
ot Detectors 
2:30 | Session 38 Session 39 Session 40 Session 41 Session 42 Session 43 


RELIABILITY OF 


~ Filamentary Subminiature Tubes 


Performance records show over 50,000 hours of satisfactory operation for 


By ROSS WOOD 
Raytheon Manufacturing Co., 
55 Chapel St., Newton 58, Mass. 


NE of the requirements of reli- 

able tubes is uniformity of 
characteristics, not only from tube 
to tube, but as shown by stability of 
characteristics throughout the ex- 
pected or intended operating life. 
For one application reliability might 
be achieved by long life under nor- 
mal conditions of operation. In an- 
other application a short operating 
life of a few hundred hours or per- 
haps even a few hours might be ac- 
ceptable in exchange for greater 
freedom from early failures under 
severe operating conditions. Still an- 
other might require a high probabil- 
ity of successful operation for at 
least an extremely short time im- 
mediately after a long period of 
inactivity. 


Different Environments 


Another important requirement of 
a reliable tube is its ability to oper- 
ate satisfactorily in a wide range of 
different environments. In various 
applications, extremes of ambient 
temperature are encountered. In 
some cases shock and vibration may 
constitute the principal hazard. Per- 
haps a short period of severe shock 
or vibration might cause permanent 
damage to the structure thus leav- 
ing the tube in an inoperative con- 
dition after the environment had 
changed to a more flavorable one. 
Operation might be required during 
shock and vibration in which case 
the resulting electrical output would 
be the principal cause of concern. 

A third requirement is the ability 
to function satisfactorily over a 
wide range of electrical operating 


TABLE |: Life Tests Representing 13,500,000 Tube-Hours 


each failure. Rugged construction withstands extreme shock and vibration 


conditions. A single tube type may 
be expected in one application to af- 
ford reliable operation in conserva- 
tive Class A amplifier service, in an- 
other the demand will be for high 
peak current in a Class C circuit, 
and in still another freedom from 
grid emission may be the outstand- 
ing requirement. At the same time 
each of these applications may re- 
quire the tube to deliver its own 
peculiar kind of service while the 
voltages supplied to it are varying. 


Design Factors 


In view of these requirements it 
is worthwhile to outline briefly the 
design factors which are common to 
both filamentary cathodes and indi- 
rectly heated cathodes before pro- 
ceeding with a more detailed discus- 
sion of the filamentary subminiature 
tube. Of course, good workmanship 
and adequate processing are pre- 
requisites to reliability in a tube of 
any size, shape or construction. 
Uniformity of characteristics from 
tube to tube requires, in addition, 
that the mechanical design should 
provide precise control of the critical 
spacings between elements. Under 
conditions of shock and vibration it 
is necessary to limit the relative 
motion between elements. This mo- 
tion can originate at the supports, 
for example from a loose fit between 
the grid siderods and the micas, or 
from the bending of the element. In 
either case, in order to minimize the 
electrical output it is quite impor- 
tant to maintain symmetry with re- 
spect to the plane through the grid 
siderods and the cathode. 

Let us now compare the factors 
affecting reliability in indirectly 
heated cathode tubes which differ 
from those affecting reliability in 


filamentary types. First we have the 
possibility of failure of the heater 
structure. This is most likely to hap. 
pen in one of three ways: heater. 
cathode shorts may result from the 
mechanical failure of the insulating 
heater coating or from inadequate 
spacing between uncoated portions 
of the heater and the cathode, 
heater-cathode leakage may de- 
velop, or open heaters might result 
from damage done to the heater 
wire while it was being formed or 
from portions of the heater with low 
thermal inertia overheating when 
the power is first applied. In the fila-’ 
mentary type tube, since there is no 
separate heater and cathode, the 
hazard of heater-cathode shorts or 
leakage is non-existent. The reduc- 
tion in the number of parts by the 
elimination of the heater-cathode 
assembly and the reduced number 
of welds further reduce the hazard 
of mechanical failure in the filamen- 
tary tube. The hazard of the open 
filament as compared with the open 
heater is somewhat reduced because 
of the greater structural simplicity 
of the filament and its lower oper- 
ating temperature. 


Spacing of Elements 


Another significant difference be- 
tween the cathode-type and the fila- 
mentary-type lies in the relative 
spacings from cathode to grid. The 
need for improved characteristics 
has forced the designer of the 
cathode-type tubes to resort to ex- 
tremely close spacings of approxi- 
mately two thousandths of an inch 
between the cathode coating and the 
inner surface of the grid winding. 
The closest corresponding spacing 
found in the filamentary types is 
about twice this distance or 0.004 in. 


TABLE Il: Life Tests Representing 47,000,000 Tube-Hours 


* te + 


sie 
Nature of Number of Tubes % of Tubes Tube-Hours Nature of Number of Tubes | Tube-Hours Per 
Failure Failing Failing Per Failure Failure Failing Failure 

fom 9 0.03 1,500,000 Glass 16 3,000,000 

* Mechanical 48 0.18 284,000 Mechanical 120 397,000 
‘Characteristic 197 0.72 69,000 Characteristic 685 69,000 
All 254 0.93 54,000 All 821 58,000 
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This greater spacing in the filamen- 
tary tube is brought about not so 
much from the desire for greater 
reliability at the expense of charac- 
teristics as from the fact that we do 
not know how to make the tube in 
production quantities with the 
closer spacing. 


Emission Efficiencies 


Still another difference between 
the two types of cathode is shown 
by a comparison of thermionic emis- 
sion efficiencies. In the cathode-type 
CK6148, which is the reliable sub- 
miniature counterpart of the 6AK5, 
we use in normal operation a space 
current of 10 ma or 8 ma/watt of 
heater power, whereas in the fila- 
mentary subminiature type 1AD4 
the corresponding figure is 3 ma or 
24 ma/watt. If we make the com- 
parison on the basis of the ratio of 
mutual conductance to total power 
input, we find that the CK6148 pro- 
vides 2,000 micromhos per watt 
while the 1AD4 shows 8,000 mi- 
cromhos per watt. Thus for applica- 
tions where the heat introduced by 
the tube is important to reliability 
the filamentary type has the advan- 
tage. 

The filamentary subminiature has 
much to offer in its ability to with- 
stand severe shock and vibration 
without suffering permanent dam- 


age. In both types of subminiature 
the factors of small size, low mass, 
and short spans both lengthwise and 
laterally contribute greatly toward 
improved strength. The effect of 
short spans is of particular impor- 
tance since, under a given accelera- 
tion, the deflection of a beam is di- 
rectly proportional to the fourth 
power of the length. Thus a 1% de- 
crease in the length of an element 
results in about a four percent de- 
crease in the deflection. Since the 
bending moment varies as_ the 
square of the length, a 1% reduction 
length will accommodate a 2% in- 
crease in acceleration before per- 
manent deformation results. In ad- 
dition the filamentary type offers a 
very much smaller cathode mass 
than does the heater-cathode com- 
bination with consequent reduction 
of the hazard of mica damage as a 
result of shock. Again comparing the 
6AK5 with the 1AD4, the ratio of 
cathode assembly masses is about 
100: 1. 


Shock and Vibration 


In many of the applications which 
have developed in recent years a 
highly important, and frequently 
absolutely essential, requirement for 
reliability is that the electrical out- 
put during shock and vibration 
should be so low as to approach the 


inherent thermal noise level of the 
system. In order to minimize the 
electrical output during vibration, 
two important factors must be con- 
sidered. One is the reduction of 
relative motion between the tube 
elements, the other is the attainment 
of both electrical and mechanical 
symmetry with respect to the two 
working faces of the cathode. 


Motion Between Elements 


Several methods have been em- 
ployed successfully with both fila- 
mentary and cathode types to re- 
duce the motion between the tube 
elements and the supporting mica 
spacers. These include the use of 
tight grid-holes and cathode-holes 
in the micas, the use of double mica 
spacers both top and bottom, and in 
some cases the more positive an- 
chorage of the grids by means of 
straps or stakes riveted to the mica. 

The next factor requiring atten- 
tion in the reduction of relative mo- 
tion is the bending of the elements 
under conditions of shock and vi- 
bration. This manifests itself in two 
ways: 
resonances within the _ structure, 
and as forced vibration of the ele- 
ments at frequencies far removed 
from the natural resonant fre- 
quencies. 

(Continued on page 112) 


Navy Releases Authorized Reliable Tube List 


HE Department of the Navy has issued a reliable 
tube list describing tube types, lower quality count- 
erparts, approved supply sources, and factors affecting 
interchangeability. They are divided into two groups: 


Group A, production types; and Group B, development- 


GROUP A PRODUCTION TYPES 


Spec. Reliable Lower Quality 
No. Tube Type Counterpart 
2 5Y3WGTA 5Y3GT 
4 6AU6WA 6AU6 
4 6SK7WA 6SK7, 6SK7W 
4 5654 6AK5, 6AK5W 
4 56708 2C51 
1 5686 sliding 
4 5725 6AS6, GAS6W 
5726 6AL5, 6ALSW 
3 5727 2D21, 2D21W 
4 5749 6BA6 
4 5750 6BE6 
4 5751a¢ 12AX7 
4 = 5814 ; 12AU7 
4 6005 6AQ5, GAQ5W 
4 60728 12AY7 
4 61354 6C4, 6C4W 


production types. The pertinent specifications and inter- 
changeability factors (where present) are described in 
the footnotes below the main listing, which supersedes 
listings prior to Nov. 13, 1952. 


GROUP B_ DEVELOPMENT-PRODUCTION TYPES 


Approved Spec. Reliable Lower Quality Approved 
Source No. Tube Type Counterpart Source 
Hytron 11 OA2WA OA2, 6073 Hytron 
GE. 11 OB2WA OB2, 6074 Hytron 
GE. 11 5R4WGYA> 5R4GY, 5R4WGY Chatham 
Raytheon, G.E., RCA 5 5Y3WGTB 5Y3GT G.E. 
Sylvania, Tung-Sol 6 6ACTWA 6AC7, 6ACTW G.E. 
G.E., Bendix, li 6AK6WA 6AK6 National Union 
Raytheon 11 6AN5WA 6AN5 Raytheon 
G.E., Raytheon 9 6C4WA> 6C4, 6C4W Raytheon 
Raytheon, G.E. 7  6J4WA 634 RCA, Sylvania 
Raytheon, G.E., 8 6J6WA 6J6, 6J6W Raytheon, Sono- 
Tung-Sol, Hytron, tone, Westinghouse 
Sylvania, RCA 11 6SN7WGTA 6SN7GT, 6SN7WGT Sylvania 
G.E. 6 12ATTWA 12AT7 GE. 
G.E., Sylvania, 11 807WA> 5933, 807W, 807 Sylvania 
Raytheon, Tung-Sol 9 5651WA 5651 Chatham, Raytheon 
G.E. 11 5687WA 5687 Tung-Sol 
G.E. 10 6080W A>.4 6080, 6AS7G RCA 
G.E., Raytheon, 1. MIL 28 Feb. 1952 7. BuShips 4 Feb. 1952 
Hytron, Sylvania 2. MIL 25 June 1952 8. BuShips 21 Feb. 1952 

3. MIL 27 Aug. 1952 9. BuShips 4 Mar. 1952 
GE. 5. Buships 20 Jon. 1952 11 BuShips 13 Mar. 952. 
GE. 6. BuShips 28 Jan. 1952 
G.E. 


£; Reliable tube draws 1/6 more heater current than counterpart 
counterpart 


5. Reliable tube bulb different than 


¢. Reliable tube mu is 70 instead of 100 
d. Reliable tube base different than 


as excitation of mechanical. 
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Fig, 1: Canadian Broadcasting Corporation's master contro! installation at Montreal feeds the outputs of 24 studios to eight network lines 


Avoidance of Crosstalk 
in Large Audio Distribution Systems 


Master control at Canadian Broadcasting Corp., one of world’s largest, 
uses unshielded wire to interconnect 180 program amplifiers 


OR more than a year, the new 

Master Control equipment at the 
Montreal headquarters of the Cana- 
dian Broadcasting Corporation has 
been in full operation. This system 
is one of the largest in the North 
American continent, and mainly in 
order to save space and installation 
labor, nearly all the wiring is car- 
ried out in unshielded telephone 
cable. In spite of this, the perform- 
ance of the equipment, especially as 
regards noise and crosstalk, is of a 
very high order. 

The installation, is pictured in Fig. 
1. The center section comprises the 
preset switching system, connecting 
as required the outputs of 24 studios 
to eight outgoing network lines, to- 
gether with input and output gain 
controls and output volume indica- 
tors. The right hand wing houses the 
order wire switchboard and the vol- 
ume indicators and switching asso- 
ciated with five local transmitter 
lines. In the left hand wing are the 
control panel for an elaborate moni- 
toring selector and a device for feed- 
ing various cue programs back to the 
studios. The remainder of the bays 
carry the 180 program amplifiers 
and their associated jackfields, as 
well as such accessories as receivers, 
test equipment, and power distribu- 
tion panels. 


More Wire Needed 


At the request of the C.B.C., and .. 


in order to facilitate any changes in 
circuitry which future operations re- 
quire, the inputs and outputs of 
every amplifier are connected to 
their corresponding jacks by way of 


Tanner Thompson _ 


By R. H. TANNER and 
G. B. THOMPSON 


Northern Electric Co., Ltd. 
Belleville, Ontario, Canada 


a large telephone type distribution 
frame (Fig. 2), located on the floor 
below, on which the cross jumpering 
may readily be changed. While this 
is obviously a very valuable feature 
from the point of view of the user, 
it results in a very considerable in- 
crease in the amount of wire re- 
quired, For example, an incoming 
network program may be taken from 
the distribution frame to the main 
panel or down again thirteen times 
before it reaches an outgoing line. 
The possibilities of picking up cross- 
talk and noise are obvious. Fig. 3 
shows the rear of a portion of the 
equipment, and illustrates the size 
of cables necessary even with un- 
shielded wire. It is obvious that the 
use of shielded pairs would have 
been virtually impossible. 

We may now turn to the precau- 
tions taken in the original design to 
avoid crosstalk and to the remedies 
which had to be applied to cure the 
crosstalk which manifested itself 


when the equipment had been built 
and installed. The first requirement, 
of course, is good well paired and 
balanced cable. Good telephone ca- 
ble, now available in both lead and 
plastic sheaths, has a very high in- 
herent attenuation from pair to pair 
provided that considerable care is 
exercised in the installation and wir- 
ing. For example, the lay of the 
twisted pairs should never be dis- 
turbed except at the very ends 


. where, of course, the wires have to 


be fanned out for connections. In 
particular, the accidental use of 
“split pairs,” which in a large multi- 
conductor cable is sometimes only 
too easy, must be avoided at all 
costs, since it will inevitably intro- 
duce a large amount of crosstalk and 
yet may be extremely difficult to 
locate. 


Cost Factors | 
As far as the amplifier design is | 
concerned, the additional cost of well 
shielded input transformers, which 
may be used in systems in which the) 
balance of the interconnecting cif- 
cuits is none too good, must be 
weighed against the cost of improv 
ing this balance so as to allow the 
use of lower quality transformers, 
In a large system such as we are 
dealing with, it is probable that the” 
saving effected through the use of” 
unshielded transformers more than 
pays for the additional precautic 
needed in the cabling. It is also i 
portant that, where several am 
fiers are to be fed froma comme 
power supply, the distortion should 
be kept to a very low figure (less 
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than 1%), as otherwise any common 
coupling in the power leads can 
cause crosstalk during passages of 
heavy program. For the same rea- 
son, the use of amplifiers other than 
Class A should be avoided. In our 
ease, considerable trouble was 
caused by the inclusion of a 1 ohm 
metering resistor in the common B- 
return of each nest of four ampli- 
fiers. The power supplies should be 
of the voltage regulating type in or- 
der to ensure the lowest possible 
output impedance. 


Grounding Arrangements 

In any large system, the grounding 

arrangements are always important. 

In particular, care must be taken to 

keep shielding and current carrying 

grounds separate, except for a single 

connection, the location of which 

may sometimes have to be deter- 

mined experimentally. The main 

building ground must be adequate 

and, if possible, leakage from any 

item of equipment to this point 

should be prevented. For example, 

wilt it may sometimes be necessary to in- 

nt, sulate the racks from a floor in 

and which steelwork is present. Origin- 

ra- ally, the C.B.C. installation was 

nd equipped with a heavy conductor 

in- connecting the common B.- of all the 

air power supplies to the building 

is ground: it was found necessary to 

ir. cut this, and ground the B- to the 

the equipment frame at a point adjacent 

is- to the meter panel. 

ads As far as the grounding of the pro- 

to gram circuits themselves is con- 

In cerned, two different systems are 

of practicable. The first is to ground all 

iti- the available center taps (such as 

nly transformers, 
all 
roe 
ind 
to 
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Fig. 4: Set-up for measuring crosstalk employs tone fed into five inputs, energizing 105 amplifiers 


ometers, pads, etc.); the second is to 
ground as few as possible, normally 
one on each circuit loop. The latter 
is usually preferable as it eliminates 
the possibility of longitudinal mag- 
netic pickup in the cables. 


Differential Okmmeter 


Stray and unintentional grounds 
are of course quite fatal and must be 
discovered and eliminated at the 
earliest possible stage. For this pur- 
pose, we used a home made gadget 
called a differential ohmmeter (or 
more familiarly, a “whiffledink”) 
which is shown in Figure 5. The de- 
vice consists of a de selsyn of the 
aircraft fuel gauge type, a battery 
and a jack. When patched to a cir- 
cuit, it detects a grounded conductor 
and identifies it. Similarly, by delib- 
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erately grounding one end of a pair, 
the other end may readily be 
found. 

In general, throughout a system 
of this kind, all circuits of any length 
should be balanced to ground with i 
reasonable accuracy. In the appara- a 
tus under discussion this is done 
with all the busbars across which 
amplifiers are bridged, either by the 
use of balanced attenuators, the cen- 
ter points of which are grounded, 4 
or by two equal resistors from each q 
side to ground. Of course in cases : 
where the circuit is fed from or ter- 
minated in a center tapped transfor- 
mer, the connection of this tap to 4 
ground often provides the simplest : 
and most accurate means of balanc- 
ing. In practice, it is sometimes pos- 

(Continued on page 147) 
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Frequency hange for Air-Dielectric 


RTMA standards now being established for rigid, gas-filled coaxial lines set up fre- 
quency limits for various sizes. Results of calculations for 50-ohm and 75-ohm lines 


CYLINDRICAL WAVE CORRECTION FACTOR FOR TE., 
MODE CUTOFF IN COAXIAL LINE 2) « 75 OHMS 
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Fig. la: Wave correction factor for 75-ohm line 


By OWEN FIET W. E. DAY 
RCA Victor Div. L. H. Terpening Co. 
Radio Corp. of 16 W. 61 St. 
America New York 23, N.Y. 
Camden, N.J. 


HE RTMA Subcommittee on Air 

Dielectric Coaxial Transmission 
Lines (TR 9.11.2) is engaged in set- 
ting up a standard for tubing di- 
mensions and tolerances for coaxial 
transmission lines of the rigid, gas 
filled type. These lines are to have 
electrically transparent supporting 
structures with a nominal iterative 
impedance of 50 ohms. See Table I. 
In the course of these activities it 
appeared desirable to specify fre- 
quency limits for the various sizes of 
coaxial transmission lines to be in- 
cluded in the standard. The problem 
of establishing frequency limits was 
turned over to'the authors of this 
paper for their consideration. The 
problems considered were two-fold. 


Fig. 1: (1) Wave correction factor for 50-ohm line 
Fig. 2: (r) Diameter ratios for 50-ohm coaxial line 
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Fig. 2a: Diameter ratios 75-ohm coaxial line 
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Polytechnic Rome Air 
Institute Development 
of Brooklyn Center 
Rome, N.Y. 


1. The determination of a set of 
criteria from which could be derived 
the frequency limits for the various 
sizes of transmission line. 

2. Establishment of the actual fre- 
quency limits. 


Criteria for Frequency Range 


A uniform coaxial transmission 
line will transmit in the funda- 
mental transverse electromagnetic 
(TEM) mode all frequencies. At the 
lower frequencies the characteristic 
impedance of the coaxial trans- 
mission line is no longer a function 
only of the inside diameter of the 
outer conductor and the outside 
diameter of the inner conductor. 


02 3 


04 05 06 07 086.0910 20 


From a constant impedance point of 
view, it must be considered that the 
lower frequency limit falls some- 
where in the very low radio fre- 
quency band and is determined by 
the deviation of the impedance of a 
finite length of the transmission line 
from the specified tolerance on the 
iterative impedance. 

At the high frequency end the 
existence of higher order (wave- 
guide) modes will produce apparent 
changes in the iterative impedance 
and will result in reflections of un- 
desirable magnitude. For a uniform 
coaxial transmission line without 
any discontinuities or supporting 
structures, it would be possible to 
transmit the fundamental TEM 
mode at frequencies above the cut- 
off of the TE and TM waveguide 
modes. In this type of transmission 
line, if a pure TEM mode is excited 
at the input; it would be the only 
mode propagating as long as the 
transmission line had no perturba- 
tions which could excite the higher 
order waveguide modes. In actual 
practice, it is extremely difficult, if 
not improbable, to achieve a per- 
fectly uniform transmission line. Ac- 
cordingly, it is the desirable practice 
to set the upper frequency limit for 
TEM mode propagation at a fre- 
quency where all higher order 
modes are below cutoff, at least in 
the gas filled portion of the coaxial 
lines. The upper frequency limit of 
a coaxial transmission line is de- 
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termined by the cutoff frequency of 
the higher order waveguide modes 
of propagation since their existence 
will affect the impedance of the line 
and the transmission characteristics 
of the normally propagated TEM 
coaxial mode. The waveguide mode 
which has the lowest cutoff fre- 
quency is the TE,, mode; and, for 
most practical applications this cut- 
off frequency is the upper limit of 
operation of the coaxial transmission 
line. The presence of dielectric sup- 
porting structures requires that the 


Coaxial Lines 


TABLE 1—Dimensions, Tolerances, Iterative Impedance and Cutoff 
Frequencies for Rigid Air Dielectric Coaxial Transmission Lines 


OUTER CONDUCTOR INNER CONDUCTOR ZG 50 OHMS 
. Iterative 
Maximum Maximum Impedance 
Wall Deviation Wall Deviation (ohms) 
Line A B Thickness From c D Thickness From Max. 
Size Dia. Dia. Nominal Average | Dia. Dia. Nominal Average Nominal Min, 
6.125 5.981 2.600 2.520 50.15 
6-1/8 0.072 .012 0.040 .0075 50 
+.008 _+.008 +.004  +,004 49.82 
6 . 1.315 1.231 50.26 
3-1/8 0.049 .0075 0.042 .005 50 
+.005 _+.005 +.003 _—-+.003 49.73 | 
1.625 1.527 0.664 0.588 50.31 
1-5/8 0.049 8.005 0.038 .005 50 
+.003 _—+.003 +.0025 _+.0025 49.64 
0.875 0.785 0.431 0.291 50.57 
1/8 0.045 .005 0.025 .003 50 
+.0025 +.0025 +.002 _+.002 49.48 
ls le 0.125 50.83 
3/8 0.045 .0045 o--- Rod ---- 50 
+.602 +.002 +.002 48.07 


TABLE 1A—Dimensions, Tolerances, Iterative Impedance and Cutoff 
Frequencies for Rigid Air Dielectric Coaxial Transmission Lines 


OUTER CONDUCTOR INNER CONDUCTOR Z,=75 OHMS 
Iterative 
mae Maximum Maximum Impedance 
Wall Deviation Wall Deviation (ohms) 
A D Line A B Thickness From c D Thickness From Max. 
| Size Dia. Dia. Nominal Average | Dia. Dia. Nominal Average Nominal Min. 
: 6.125 5.981 1.716 1.636 75.14 
6-1/8 0.072 .012 0.040 . .0075 15 
+.008 +.008 +.004 +-004 14.70 
3.125 3.027 869 -789 75.20 
Cross-sectional coaxial line dimensions 3-1/8 0.049 «©0075 0.040 -005 15 
+.005 _+.005 +.003 4.003 74.59 
1.625 1.527 438 362 15.27 
1-5/8 0.049 005 0.038 .005 15 
dimensions of the inner and/or outer +.003 _+.003 +.002 _ +.002 4.49 
conductor be modified to maintain 1/8 rong aa witeian xe 75 isi 
the impedance. Thus, the cutoff fre- +.0025__ +.0025 are +.002 ES 
quencies in the supporting structure 3/8 . 0.045 .0045 wae one wana 15 : 
will differ from that for the uniform +.002 — +.002 +.001 13.43 


air dielectric coaxial line. The cut- 
off frequency in the dielectric sup- 
porting structure will always be 
lower than that in the uniform gas 
filled region, since the known solid 
dielectrics have in general a relative 
dielectric constant much larger than 
that of air. 


Cutoff Frequency 


The TE,, mode cutoff frequency 
can be readily estimated from the 
mean circumference calculated from 
the outer conductor inside diameter 


to one wavelength at the cutoff 
frequency. This will be in error by 
less than 3% for 50 ohm coaxial 
transmission line with insulating 
materials ordinarily utilized in high 
frequency operation. A small cor- 
rection factor K,, (see Fig. 1) ap- 
plied to the cutoff frequency will 
give a result corresponding to the 
exact solution using cylindrical 
waves. The equations are given for 
the general case and for 50 ohm 
transmission lines. Figs. 1 and 2 will 


structure dielectric materials. 

For any uniform coaxial transmis- 
sion line the cutoff frequency of the 
TE,, mode is given by: 

2cK, 


Ve x (D +d) (1) 
7514 K, 


Je (D +d) 
and the impedance for air dielectric 
is: 


f, = 


and the inner conductor outside aid in the calculation of the cutoff Zo = 138.16 logyg (D +d) (2) 
diameter by setting this value equal frequency for most supporting For a uniform air line as a func- 
Symbols Used in Mathematical Formulae 
f Operating frequency, mc $s Distance along transmission line 
f, Cutoff frequency for TE:; mode, me z Series impedance per unit lengh 
¢. Velocity of light in vacuum (2.99796/2.54) x 104 in./ysec. Y Shunt admittance per unit length 
€ Dielectric constant relative to vacuum Y Propagation constant 
Ho Permeability of free space 4 x 10-7 h/m Zo Characteristic or iterative impedance 
D Inside diameter of outer conductor of air (vacuum) line, in. Ze Low frequency modified characteristic impedance 
d Outside diameter of inner conductor of air (vacuum) line, in. Lo Inductance per unit length, h/cm 
K, Correction fatter accounting for cylindrical wave boundary HQ  Angularly directed component of magnetic field in the metal 
condition (based on Schelkunoff ‘Electromagnetic Waves," Ho Angularly directed component of magnetic field at the 
D. Van Nostrand Co., Inc. 1943, Fig. 8.51, P. 327 and surface of the metal 
Text, page 391) fo Radius to an internal surface of the transmission line 
D’- Inside diameter of overcut outer conductor, in. Rs Skin effect resistance in ohms (the d.c. resistance between 
d’ Outside diameter of undercut inner conductor, in. the edges of a square plate of thickness equal to the depth 
8 Depth of penetration, cm of penetration) 
Q Resistivity, ohm-cm t A radius inside the metal having a value close to ro 
v Voltage on transmission line Ym _ Intrinsic impedance of metal 
| Current in transmission line Vv Velocity of propagation at very low radio frequencies 
\eiaatseseeries 
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COAXIAL TRANSMISSION LINES (Continued) 
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Fig. 3: Skin effect resist freq y characteristic 


q y characteristic 


tion of the outer conductor diameter 
and the impedance, Eq. (1) be- 
comes: 


2cK, 


f 
xD {1 + logy, (—Z./138)} (3) 
7514 K, 


D [1 + logy, (—Z./138)] 

For a uniform air line as a func- 
tion of the inner conductor and the 
impedance Eq. (1) becomes: 

2cK, 


f 
ad [1 + logy, (Z./138)] 
7514 K, 


(4) 


d [1 + logy, (Z./138)] 


For a constant impedance trans- 
mission line where the supporting 
structure is to be electrically trans- 
parent, it becomes necessary to 
modify the inner or outer conductor 
diameter to retain the nominal 
iterative impedance in the solid di- 
electric portion. The two most 
prevalent practices are either to 
enlarge the inner diameter of the 
outer conductor or to decrease the 
outer diameter of the inner conduc- 
tor so that the impedance computed 
by the relationship given in Eq. (2) 
will remain constant. The first type 
is designated overcut transmission 
line and the latter is known as un- 
dercut transmission line. For these 
two specific cases the general rela- 
tionships for the cutoff frequency 


Fig. 4: Depth of penet fr 


can be obtained by proper manipu- 
lation of Eq. (1) and (2). 

For the overcut transmission line 
the inner conductor remains fixed 
and the resultant inner diameter of 
the outer conductor, D’, is obtained 
from the relationship: 

D’ = flog;o}(ZoVe’/138)]d (5) 
which gives the general equation for 
determining the cutoff frequency in 
terms of the inside diameter of the 
outer conductor of the air line: 

7514 K, 


6) 
7 % ¢é=- : + ~Z 
VF D [lost Za VF = 1) + tog (“4)] 
In terms of the outside diameter 
of the inner conductor of the air 


line, the cutoff frequency is given 
by: 


ods neni 


(Continued on page 162) 


TABLE li—Low Frequency impedances and Cutoff Frequencies for TE,, Mode in Various Size Coaxial 
Lines and Insulator Supports; for Copper Conductors; Z, 50 ohms 


Inner 
d 
OD" , 


Outer 
D 
Line Size 


Undercut 


Z'o v'/C 


ID" D/d (Air Line) | Teflon Teflon styrene 0.1 mc | 1.0 mc | 0.1 mc | 1.0 me 


3/8 
1/8 


1-5/8 
3-1/8 
6-1/8 


125 
-341 


-285 
785 


2.28 
2.302 


18,800 


14,387 
6,818 


5,223 


9,895 
3,593 


13,422 
4,873 


52.80 
51.05 


50.90 
50.33 


0.9470 
0.9798 


0.9827 
0.9935 


-664 
1.315 
2.600 


1.527 
3.027 
5.981 


2.300 
2.302 
2.300 


3,505 
1,768 
895 


2,686 
1,355 
686 


1,847 
932 
472 


2,506 
1,264 
640 


50.53 
50.27 
50.14 


50.17 
50.09 
50.05 


0.9895 
0.9947 
0.9973 


0.9936 
0.9983 
0.9991 


TABLE 11A—Low Frequency Impedances and Cutoff Frequencies for TE,, Mode in Various Size Coaxial 
Lines and Insulator Supports; for Copper Conductors; Z, 75 ohms 


Undercut 
Poly- 
styrene 


Line Size (Air Line) Teflon Teflon 1.0 mc 


3/8 


21,051 
7/8 


7,643 


15,881 
5,766 


9,048 
3,285 


14,655 
5,324 


9842 
.9940 


1-5/8 
3-1/8 
6-1/8 


3,929 
1,982 
1,003 


2,964 
1,495 
157 


1,689 
852 
431 


2,737 
1,381 
699 


9970 
9980 
9992 
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CONELRAD 


FCC and Air Force plan controls station operation to prevent 


use of signals as navigational aid to enemy aircraft 


HE FCC has formulated plans 

for the Control of Electromag- 
netic Radiation (CONELRAD) in 
the event of attack by enemy forces. 
Primary object of the plans, which 
have been approved by the Chair- 
man of the National Security Re- 
sources Board and the Secretary of 
Defense, is to preyent the utilization 
of signals from broadcast stations in 
the U.S. as a navigational aid to 
enemy aircraft. Plan No. 1 covers 
the alerting of broadcast stations, 
and Plan No. 2 encompasses the con- 
trolled operation of these stations. 

Under Plan No. 1, the U‘S. is di- 
vided by the Air Defense Command 
(ADC) into three large areas known 
as Eastern, Central and Western Air 
Defense Forces. Each of these is 
broken down into smaller areas 
called Air Divisions, each Division, 
having an Air Defense Control Cen- 
ter (ADCC). See Fig. 1. Operation- 
ally, the plan is built around the 
various ADCC’s. 

Certain broadcast stations are 
designated as Basic Key Stations 
and Key Relay Stations. When con- 
ditions exist which justify the an- 
nouncement of warning YELLOW 
or RED, at the discretion of the 
ADC, alerts will be issued by the 
ADCC’s to all Basic Key Stations. 


The notifications will be passed on. 


to the transmitter locations of Relay 
and other stations by telephone or, 
in certain instances, by radio broad- 
cast, and will normally consist of 
prepared recordings. All stations 
subject to this plan must install and 

p in readiness the equipment 


Necessary to receive alerts and all 
clears. 


Minimize Signals 


The object of Plan No. 2 is to min- 
imize the use of broadcast signals 
a8 navigational aids, and at the same 
time permit stations to be operated. 
Broadcast stations notified of an 
alert will be required, during the 
alert period, either to observe radio 
Silence or follow operational proce- 
dures prescribed in Plan No. 2. 

Under this plan, all FM and TV 
Stations notified will be required to 

rve radio silence. Whether 
Standard AM broadcast stations will 
be required to observe radio silence 
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or will be permitted to operate in 
accordance with the prescribed pro- 
cedures, will initially depend on the 
wishes of the station licensees. So 
far as practicable, the FCC will agree 
to these decisions. However, once 
these decisions are made, they are 
binding upon the stations, and sta- 
tions participating in the CONEL- 
RAD operation may withdraw only 
upon 30 days’ advance notice to the 
FCC. 


Procedure During Alert 


From the time of alert notifica- 
tion until the alert is ended, no 
broadcast station of any type will 
be permitted to make an on-air 
identification, unless specially au- 
thorized by the FCC. Those re- 
quired to observe radio silence must 
leave the air immediately, except 
that before leaving the air they may 
broadcast an approved sign-off or 
civil defense message. 

All stations permitted operation 
under Plan No. 2 will be on one or 
both of two frequencies, 640 kc and 
1240 xc, during the alert period. The 
power ERP) allowed will not in 
any case exceed 10 kw, and usually 
will not be over 5 kw. Four differ- 
ent modes of operation are pre- 
scribed in the plan, one of which will 
be assigned by the FCC to each op- 
erating station. These are: sequen- 


abe 


CONTROL ON-OFF 


Powcore 
ON-OFF 


4 


SYNCHRONOUS 


SEQUENTIAL 


' ON-AIR 
soe) bs CONTROL 


POWER c¢ CONTROL 


PULSATING 


Fig. 2: Four modes of operating broadcast 
stations prevent guidance to enemy aircraft 


tial, on-off, pulsating and synchro- 
nous operation. See Fig. 2. 
Sequential Mode: In the sequen- 
tial mode of operation, the FCC ar- 
ranges two or more stations into a 
group, all using the same frequency, 
640 xc or 1240 kc, or both. Power is 
(Continued on page 160) 


Fig. 1: Organizational structure of CONELRAD command pian from national to regional areas 
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Making Electrical Conductors 
in the Field 


G. W. LEE, Consulting Engineer, 
46 Roxborough St., Toronto, Canada 


ROADCAST, television and 
communications equipment util- 
ize soft-drawn copper tubing for 
electrical conductor paths whenever 
an appreciable amount of high fre- 
quency energy is transferred. Dur- 
ing installation of such equipment 
the engineer must bend and shape 
conductors of various length and di- 
ameter. As new installation ideas 
evolve, the building housing the 
equipment is changed and unit mod- 
ifications are undertaken in the field. 
However, properly bending tubing 
which is larger than % in. in diam- 
eter is impossible unless special 
methods are employed to avoid 
buckling and cracking. Applying heat 
is not the answer. Smooth bends 
require the tubing to be kept at such 
high temperature that handling be- 
comes impractical. On a job requir- 
ing a large number of conductors 
different ways of tube shaping were 
tried until a successful one devel- 
oped. This method consists of filling 
the tubing with fine, dry sand, cap- 
ping it then bending same to require- 
ments. 

1) Take measurements between 
the terminals that the still-to-be 
made conductor will connect. Cut 
from a roll of tubing, a piece slightly 
longer than measurements to make 
sure of adequate length. 

2) Fill the tubing with fine, dry 
sand. The sand must be quite dry 
and fine textured (screened) so that 
it will flow easily and also pack well. 

3) Cap the ends of the tubing with 
wooden plugs, (terminal lugs will 
do if crimped on tightly.) 

4) Bend the tubing to the re- 
quired shape. 

5) Empty out the sand which may 
be used again. Fit the conductor into 
place—trimming off the ends with a 
pipe cutter. Terminal lugs may be 
soldered on the ends if desired. 

6) Polish and install the conduc- 
tor in its proper place. 

This method can be applied to %4 
in. to % in. tubing; above % in. di- 
ameter. buckling is liable to occur. 
As most high frequency conductors 
fall within these limits, the method 
is generally applicable to all elec- 
tronic equipment installations. 


CUES for BROADCASTERS 


Practical ways of improving station operation and efficiency 


$$$ FOR YOUR IDEAS 


Readers are invited to contribute their 
own suggestions which should be short 
and include photographs or rough 
sketches. Typewritten, double-spaced 
text is requested. Our usual rates will 
be paid for material used. 


Under-Modulation Indicator 


RONALD T. MIYAHIRA, Chief 
Engineer, KULA, Honolulu, T.H. 


E have a device that may help 

others faced with a problem 
similar to ours—that of maintaining 
a high percentage of modulation at 
all times. 

We operate the highest powered 
station in Hawaii, and everyone ex- 
pects us to be pounding into their 
receivers, although we are only a 
few db’s above our competitors in 
actual power. Therefore our problem 
was to maintain the highest percent- 
age of modulation possible at all 
times so that we actually sounded 
much louder than our competitors. 

The easiest and best solution 
would be to have the operator keep 
a constant vigil on the modulation 
meter and ride gain on the program 
from the studios and tape machines, 
but this was impractical as the oper- 
ator is constantly occupied with tape 
and disc recording jobs. 

Furthermore even if the studio did 
send us a constant level, we would 
occasionally have a speaker with a 
stronger negative peak, and although 
the compressor would be compress- 
ing very hard due to the negative 
peaks, the actual output of the lim- 


iter would have a weak positive peak 
and our modulation meter would 
register about 50% when it should 
have been hitting 95 to 100%. 

Our problem was to have an un- 
der-modulation indicator that would 
warn the operator when modulation 
peaks drop below 85% for more than 
ten seconds. (ten seconds is the in- 
terval between two _— successive 
peaks). Also, the system must be 
quiet and be able to warn the oper- 
ator no matter where he was in the 
control room or how busy he was, 

The first problem was solved by 
using a time delay relay in the 
warning circuit and the second by 
employing a 60-watt bulb. The bulb 
would light up the whole room, and 
the operator could not fail to miss 
the warning. To detect the under- 
modulation condition we employed 
the overmodulation alarm relay in 
our RCA modulation meter. We set 
the peak indicator on the front panel 
of the modulation meter to 85% so 
that it would indicate all peaks over 
85%. By setting a high compression 
level in our limiting amplifier we 
had no difficulty with over-modu- 
lation. 

When the modulation is below 
85%, the alarm relay will not oper- 
ate and relay 1 will be in a closed 
state. The bulb lights up and indi- 
cates an undermodulation condition. 
When a peak of 85% or higher is 
reached, the alarm relay closes and 
charges up the condensor. As the 
condensor charges almost instantly, 
relay 1 will be actuated and the bulb 
extinguished to indicate high per- 
centage of modulation. The next 
peak may not reach 85% but the re- 
lay will remain in the energized con- 


Under modulation meter utilizes peak indicating circuit of RCA modulation monitor 
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dition for 10 seconds during which 
time another peak will come by to 
recharge the condensor. The con- 
densor will discharge slowly through 
resistor R and the relay to maintain 
the 10 seconds delay. 

Under normal conditions the lamp 
will always be out except in certain 
types of music where the low pas- 
sages are longer than the 10 seconds 
delay. Normal pauses in speech do 
not affect the relay. We found that 
too large a condensor was imprac- 
tical as it took several consecutive 
peaks to charge it up to a point 
where it could actuate the relay and 
maintain the necessary delay. 

A small capacitor with a large re- 
sistor works best but this in turn 
means that a very sensitive relay 
must be used. We used a 90 uf 
condensor and found that triggering 
was almost instantaneous. Since the 
installation of this device, we have 
found that our program level has 
been at a consistently high level of 
modulation. 


Static Arc Discharges 


ROBERT R. BREEDING, Chief 
Engineer, KGAR, Garden City, Kan. 


ROADCASTERS in dry, dusty, 

and windy climates often have 
trouble with arcing in the final and 
antenna tuning units. This is caused 
by static charges that gather on the 
antenna, and are not properly dis- 
charged due to the dry conditions 
of the ground. The accompanying 
diagram shows a unit that will kill 
these r-f arcs without interrupting 
the normal broadcast. 

The relay is a 6v. dc relay, 
shunted so that it operates at twice 
the normal plate current. The grid 
resistance is 200 times the grid leak 
resistance of the final amplifier of 
the transmitter. 

This resistance need not be of 
high wattage since it is in the circuit 
less than a second. This unit does 
not affect the normal operation of 
the overload relay when it is 
needed. I have watched this unit in 


Neon relaxation oscillator for testing broadcast loops, or any other circuit 
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Static arcs controlled by plate damper 


operation over a period of 3 months, 
and it has proved satisfactory. The 
only effect on broadcast quality is 
a slight bloop when the relay 
operates. 


Battery-Operated 
Broadcast Loop Tester 


LLEWELLYN JONES, Chief 
Engineer, WSBA, York, Pa. 


an earlier issue (TELE-TEcH, Jan. 

’51, page 38) I described an ac 
powered tone oscillator WSBA used 
for continuous monitoring of remote 
broadcast loops throughout the city. 
Since the ac units have been in op- 
eration, I have constructed simple, 
battery operated relaxation oscil- 
lators using NE-2 Neons and two 
Eveready, No. 467 67%-vs. radio 
batteries. The complete unit can be 
mounted in a small box, 5 x 4 x 4, 
with only the terminals and switch 
(optional) externally mounted. Us- 
ing the values listed, the units have 
been operating for 8 months, 24 
hours a day and still going strong. 
The circuit drain is about 50 yamps 
from the batteries. 

The battery operated oscillator is 
ideal because it can be mounted 
close to the loop—no need to worry 
that ac power will be turned off or 
interrupted at any time. The engi- 
neer at WSBA studios can dial any 
remote line and, in a moment, know 
the condition of the loop. If tone 
isn’t heard he calls the phone com- 
pany for a loop check. 

I have also used this generator 
for tracing audio lines on new patch 
board installations with great suc- 
cess. No external power is required. 


requiring simple audio source 


Remote Mike Switch 
for Consoles 


R. S. HOUSTON, 2921 North 
Woodstock, Philadelphia 32, Pa. 


ESPITE the many advantages 

of having the announcer control 
his own mike, there are no consoles 
commercially built today that have 
the feature of a remote mike switch 
that may be extended into the stu- 
dio where the announcer does not 
operate his own board. Such a 
switch was installed in one station 
without mutilating the internal wir- 
ing of the console, and gave, in ad- 
dition to the mike control a talk- 
back facility. The talk back was in- 
dependent of any console control, so 
it permitted the announcer to talk 
to the operator at any time for emer- 
gency instructions without first hav- 
ing to signal the operator to put his 
mike on audition. 

The air muting circuit consisted 
simply of a shorting arrangement 
connected across the mike socket, or 
the console input. Operation of the 
switch took the short off the mike to 
make it “live.” There was an addi- 
tional contact on the control switch 
connected in the speaker muting re- 
lay and cue light circuit to control 
these functions. For talk back, the 
mike input was connected to a high 
gain amplifier, which could be the 
audition amplifier. Any other talk- 
backs from other studios can be con- 
nected in parallel with this input. It 
is necessary only to insert a small 
resistance in series with the mike in- 
put to the console. This will upset 
the impedance match slightly, and if 
desired, the input impedance of the 
transformer in the console may be 
changed to accomodate this. The re- 
sistance recommended for the input 
circuit should be equal to the mike 
impedance. This will drop the level 
about three db, which is easily 
compensated. 

In some stations where an audi- 
tion amplifier is used in connection 
with the audition mixer on a console, 

(Continued on page 110) 


Simple remote microphone control switch for announcer also handles 
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Quality Factor for Radar| 


Universally applicable criterion evaluates effectiveness of radar display systems, 
ception time now possible with proper consideration of functions of contrast ratio 
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Fig. 1: Intensity buildup for successive pulses 
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. 2: Long fime average brightness buildup 


By A. F. BISCHOFF, Central Engineering Laboratory 
General Electric Co., Schenectady, N. Y. 


HE radar operator or pilot of an 
aircraft is generally interested in 
obtaining three-dimensional intelli- 
gence from the radar cathode-ray 
display; namely, target range, eleva- 
tion and azimuth. In addition he may 
be interested in obtaining other spe- 
cialized information such as range 
rate and closure time. The impor- 
tance of presenting this information 
in an optical form which can be 
readily interpreted into desired ac- 
tion, cannot be over emphasized. 
The ultimate value of any radar 
system is determined by its ability to 
furnish accurate information in a 
readily usable form. At the present 
state of the art, this information 
is presented to the pilot or radar 
operator on a CRT. The information 
presented may be used either for 
operational or supervisory purposes, 
but in either case the CRT forms 
a vital link. What can be seen on the 
tube, the length of time required to 
see, and the precision of the data 
derived from the observation, is to 
a large part determined by the parti- 
cular radar system and the method 
of presentation. In designing new 
radar systems it is therefore well to 
consider the relative effectiveness of 
the CRT display as a function of the 
proposed system. 


Relative Display Effectiveness 


Up to the present time there has 
been no direct means for integrating 
the major radar system parameters 
into a quantitative expression of the 
relative display effectiveness. It was 
with the intent of establishing a 
formula which would provide a 
quality factor for radar CRT presen- 
tations that this investigation was 


undertaken. To arrive at such an 
expression it is necessary to consider 


those factors which determine what 


we see, and to derive corresponding 
radar systems parameters which ex- 
press those factors quantitatively. 
Since the correlation between me- 
chanical optical measurements and 
measurements on cathode-ray tubes 
has been well established by Wil- 
liams, Bartlett, King’ and others, 
much effort can be saved by taking 
advantage of the many thousands of 
measurements made in the mechani- 
cal optical field. 


Mechanical Optics 


In the field of mechanical optics 
Luckiesh? pointed out the four fac- 
tors which determine what we see: 

1. Actual brightness level of the 
object and its surroundings, 
particularly the background. 

2. Contrast in brightness be- 
tween the object and its 
background. 

3. Size of object and distin- 
guishing characteristics. 

4, Time available for seeing. 

In applying Luckiesh’s four factors 
to radar CRT displays, it is necessary 
to investigate the specific display 
function which influences the param- 
eters of the four factors. The fol- 
lowing major display functions influ- 
ence the ability to see and time re- 
quired to obtain visual information 
from the display: 

1. Pip brightness. 

2. Background brightness. 

3. Size of presentation area and 
size of pip. 

Assigning values to the above 
three factors will determine the 
time required for perception and, 


ultimately, whether or not the pip or 
spot can be seen at all. Since in air. 
borne radar, time is of the essence, 
it is desirable to evaluate the rela. 
tive effects of the three variables on 
perception time so that time can be 
reduced to a minimum by the most 
advantageous design of radar indi- 
cator displays. Each of the three time 
determining factors will be treated 
separately in an effort to consoli- 
date the contributing parameters and 
to derive an expression for the factor 
which can be incorporated in an 
equation expressing the display 
quality factor of a radar system. 


Excitation Duty Cycle 


Since the CRT phosphor is only 
energized when the antenna beam is 
on the target, the excitation duty 
cycle varies with the scan or frame 
time of the radar. The average 
brightness of the CRT or visual ef- 
fect depends not only upon the num- 
ber of hits per target but also upon 
the length of time elapsing between 
excitation periods and the decay 
characteristic of the particular 
phosphor used. 

For an intermittent light source 
the Bunson-Roscoe law of optics 
states that if the product of light 
intensity and duration is held con- 
stant that the visual effect will he 
constant. Blondel and Rey found that 
this law held true over a range of 
light durations of 0.001 to 3 seconds. 
Baumgardt® showed that the rela- 
tionship held for flash durations as 
short as 4 usec. George E. Long* 
investigated the effect of duration 
time of onset and cessation of a light 
flash as it effects the optical signal re- 
ceived. He found that changes in the 
waveform of a light flash, within 
the limits of waveshape rectangular 
to triangular, do not affect the total 
amount of light energy required to 
produce an optical impression. The 
intensity variation of a CRT pip is 
essentially triangular in intensity 
waveform and pip repetition rate in 
radar systems is generally included 
in the range 4 usec to 3 seconds. 
It can therefore be concluded that 
the visual effect or optical signal to 
the brain is proportional to the prod- 
uct of the intensity of the cathode- 
ray tube pip multiplied by the 
length of time it persists. 
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ri Cathode-Ray Tube Presentations 


s 


Improvement in per- 
and presentation size 


Fig. 1 shows a typical intensity 
buildup curve for successive pulses 
on a P7 phosphor. Brightness was 
measured just before each excitation 
period. It will be noted that ‘the 
screen brightness reaches a constant 
level after a finite number of exci- 
tations and that integration of sub- 
sequent pulses does not increase the 
intensity. This maximum brightness 
will be greater than that shown in 
Fig. 1 if the pulse repetition rate is 
increased or if the excitation is ap- 
plied for a longer period of time, 
until saturation value for the CRT 
screen material is reached. 

During the search period of a 
radar, target pulses are received in 
groups at pulse repetition rate, the 
groups being spaced by a scan 
period. Fig. 2 illustrates the increase 
in CRT average brightness with 
time. In the illustration four pulses 
excite the CRT during the “target” 
time, each increasing the brightness. 
During the scan period, the bright- 
ness decays until the next “target” 
period and succession of four excit- 
ing pulses which increases the aver- 
age brightness to a new level. The 
successive groups of exciting pulses 
have a brightness buildup effect 
which becomes asymptotic to a con- 
stant value. Long time average 
brightness buildup is shown by the 
dashed line in Fig. 2. 

The brightness of the CRT at any 


Fig. 3: Decay characteristic for P7 phosphor 
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instant is equal to the summation of 
the exponentially changing bright- 
nesses of all preceding excitation 
periods. The area under the bright- 
ness curve, Fig. 2, is the average 
light energy emitted by the phos- 
phor. 


Decay Characteristic 


Fig. 3 shows a typical decay 
characteristic for a P7 phosphor 
screen. This is the decay character- 
istic from screen saturation at 4000 
volts accelerating potential and 3.0 
va of screen current per sq. cm. This 
curve has been approximated by 
four exponentials having the slopes 
of a,;, &,, &,, and a,. The x’s indicate 
the summation of these exponential 
curves at various points. The sum- 
mation points closely approximate 
the decay curve. 


Fig. 4: Current density relative to brightness 
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The equations of the exponential 

curves have the form 

Ae - at 
where A is the “Y” axis intercept or 
peak brightness and t is time after 
peak brightness. 

Summing up the light contained 
under the four exponential curves of 
Fig. 3 shows that 66 foot-lambert- 
seconds of light is emitted during 
the first 120 seconds of phosphor 
decay and that, of this 58 F.L.S., or 
88% is emitted during the first three 
seconds. Of the total three second 
energy, 98% is contained under the 


- the single exponential curve, «,, of 


Fig. 3. 

For slow pulse repetition rates, of 
the order of two minutes, the maxi- 
mum error involved when a single 
exponential approximation is used, 
is about 10%. For normal repetition 


Fig. 5: CRT saturation brightness with time 
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Fig. 7: Scan-light output characteristic 


rates, greater than one pulse every 
three seconds, the approximation 
introduces an error of only about 
2%. It seems reasonable, therefore, 
to use the single exponential 
approximation. 

Using this approximation and as- 
suming a CRT anode potential of 
4 kv and a screen current density 
of 3 pa/sq.cm., an equation for CRT 
brightness as a function of time, can 
be written. 

Brightness = 60 e -?-* foot 
lamberts (approx.) 
where t is the time after excitation 
was removed. 

The integral of this equation be- 
tween t = 0 and t = © is 60 foot- 
lambert-seconds. This total light is 


for decay from CRT screen satura-~ 


tion value. Actually the screen will 
reach saturation value only under 
certain conditions and hence the 
maximum brightness will depend 
upon these conditions. The peak 
value of light output is determined 
by the CRT screen current density 
and the length of the excitation 
time. However the relationship be- 
tween screen current density and 
brightness is far from linear and it 
is necessary to study this relation- 
ship in detail. 

- To obtain good target resolution 
most radar displays utilize the 
unmodified receiver signal for CRT 
intensification. Because of the re- 
sulting smaller pip size, short pulse 
lengths provide superior target reso- 
lution. Commonly used pulse lengths 
of the order of 0.5 usec do not pro- 
vide sufficient time for the delivery 
of enough energy to the CRT phos- 
phor to obtain good phosphor exci- 


(Continued ) 


107 


TTT 


TUT 


DISTANCE BETWEEN 
PIP AND OPERATOR 
CONCENTRATION 


——— 


POINT 


X 


rTM TTT 


NY 


PERCEPTION TIME MILLISECONDS 
TTT 


yun 


\ er ee 5 6 7 6 8 10 
CONTRAST RATIO 


. 8: Contrast-perception characteristic 


tation even at the high CRT screen 
current densities that can be ob- 
tained. : 

Increasing the CRT screen cur- 
rent density to compensate for ex- 
tremely short excitation periods will 
not produce a linear increase in 
brightness. The linear relationship 
between CRT screen current density 
and brightness does not continue as 
the screen current becomes very 
large. Fig. 4 shows the actual CRT 
current density in va/sq.cm. plotted 
against the effectiveness of this 
screen current density in producing 
CRT brightness. The curve is fairly 
linear between the limits of 1 and 10 
#a/sq.cm., but above 10 va it requires 
a thousand fold increase in screen 
current density to obtain an eight 
fold increase in brightness. 


Saturation Brightness 


Fig. 5 shows the relationship be- 
tween excitation time in micro- 
seconds and the degree of CRT satu- 
ration brightness that is obtained. 
The curve showing this relationship 
has been broken up into three parts 
with different abscissa scales to 
allow for accurate readings at short 
excitation times. From Curve C it 
can be seen that the brightness fac- 
tor for long excitation periods ap- 
proaches unity. Unity Corresponds 
to saturation brightness. The bright- 
ness obtained from excitation periods 
less than that required for saturation 
can be obtained by multiplying the 
saturation brightness by the bright- 
ness factor, F, derived from the 
curves. It will be noted that for 
pulse lengths of less than 2 usec that 
the decrease in brightness factor is 


more rapid than the decrease jp 
excitation time. This lack of linear. 
ity is due to the fact that the CRT 
phosphor has a threshold value of 
energy needed for excitation, bright. 
ness is meager until this threshold is 
exceeded and then brightness jn. 
creases superproportionally. 

Soller, Starr, and Valley® work. 
ing at MIT were the first to publish 
data indicating that the energy of 
successive excitations had a cumu- 
lative effect on brightness. They 
termed the brightness increase due 
to a succession of excitations over 
that for a single excitation, “buildup 
ratio.” Because of the threshold 
characteristics of the phosphor, it 
becomes obvious that the buildup 
ratio is a function of the amount of 
energy per excitation. The amount 
of energy per excitation, or charge, 
Q, placed upon the phosphor can be 
expressed quantitatively in units of 
milli-micro-coulombs per sq. cm. 
The amount of energy per excita- 
tion, expressed in these units, can be 
found by multiplying the CRT 
screen current density expressed in 
ma/sq. cm., I, by the duration of the 
exciting pulse in microsecond t,. 


Family of Curves 


To show the relationship that ex- 
ists between charge per excitation 
and buildup ratio the curves in Fig. 
6 were drawn from empirical data 
This family of curves shows the 
buildup gain obtained as a function 
of the phosphor excitation per pulse, 
expressed in milli-micro-coulombs 
per sq. cm., for groups of pulses 
from 2 to 40. It will be noted that 
little gain in buildup ratio is ob- 
tained between 20 and 40 pulses, and 
that 40 pulses represents the satu- 
ration level for pulse buildup for 
pulses occurring at normal radar 
rates. Actually the crests of the 
curves will occur at slightly differ- 
ent values of Q as the pulse repeti- 
tion rate is varied. The curves do, 
however, give good results in the 
range of repetition rates that are 
commonly encountered in radaf 
equipments. Using this family of 
curves it is possible to derive 4 
brightness buildup factor, B, by 
which the single pip intensity can 
be multiplied to give the cumulative 
brightness of the pip as the result 
of a pulse group occurring at radar 
pulse repetition rate. Normally this 
pulse group would correspond to & 
single scan of the target. 

CRT peak brightness, exclusive 
of phosphor buildup and excitation 
time, is also proportional to an ex- 
ponential power of the effective final 
anode voltage. This exponent varies 

(Continued on page 142) 
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Frequency Feedback 


A dynamic concept applied to ac circuitry. How to use saturable r-f reactors and ferro- 
electric capacitors in resonance systems having amplitude-frequency relationships 


By HANS E. HOLLMANN 
U.S.N. Air Missile Test Center 
Point Mugu, Calif. 


S a rule, feedback is applied to 
currents or voltages in order to 
make an electric network unstable 
or to render it more stable and more 
linear by means of positive or nega- 
tive feedback, respectively. The con- 
cept of feedback, however, may be 
extended to other electrical para- 
meters, the most immediate being 
frequency, to produce a positive or 
negative frequency feedback. 
Frequency feedback may be 
achieved either by means of an ex- 
ternal feedback channel or by in- 
ternal feedback in a nonharmonic 
resonant system, that is a system 
wherein the energy reservoirs are 
not constant but vary in time. Con- 
sequently, frequency feedback mani- 
fests itself in the form of nonhar- 
monic resonance curves. 


External Feedback Channel 


As an introduction, the principle of 
frequency feedback may be illus- 
trated by an external feedback chan- 
nel as shown in Fig. 1. A parallel 
resonant circuit consisting of the in- 

ce L, and the capacitance C, 
is excited by a signal generator with 
constant current and variable fre- 
quency. In addition, the tank circuit is 
paralleled by the frequency modula- 
tor M, e.g., a reactance tube. More- 
over, an envelope detector D rectifies 


the induced r-f voltage V~ and thus 
produces the control voltage V,. The 
feedback loop is closed in that V, is 
4 upon the input terminals 


For simplicity, let us assume that 
the modulator capacity C,, increases 
proportionally to V, and that the 
diode may have 100% efficiency, i.e., 
V, may be equal: to the peak values 


v~, We therefore write C,, = KV, 
= 1KV~ where K denotes the sensi- 


. tivity of the modulator. The angular 


frequency of the tank circuit is 0 = 
w,/Vi+C,/C, where w, is the 
Tesonant frequency of the original 
tank circuit without the modulator, 


_ TRLE-TECH & ELECTRONIC INDUSTRIES * March 1953 


ue. 


or at V, = V~ 0. The combined 
equations then give 
Wo 
o= (1) 
V1 +(KV¥~/C,) 
so that the frequency deviation from 


w,, the detuning owing to the feed- 
back becomes 


1 = (w/w.)*—1=—KV~/C, (2a) 
or multiplied with the quality fac- 
tor Q 


Qu, = -AV~ (2b) 
where A stands for QK/C,. Even 
though Q depends on the frequency 
and therefore on the detuning, no 
great error occurs if the quality fac- 
tor is considered to be constant, par- 
ticularly when we confine ourselves 
to x, >> 1. 

Under the influence of an increas- 
ing feedback voltage V,, the modu- 
lator capacity increases and the 
entire resonant curve shifts toward 
lower frequencies. Consequently, if 
the oscillator frequency f,,, is in- 
creased so that it approaches reso- 
nance, the resonant curve shifts to- 
ward f,., that means, the resonance 
of the tank circuit automatically ap- 
proaches the generator frequency 
and a positive frequency feedback 
may be recognized. Inversely, if the 
generator frequency approaches the 
tank resonance in the direction from 
higher to lower values, the resonant 


Fig. 1: External frequency feedback channel 


curve runs away and the frequency 
feedback is negative. 

The feedback action is explained 
in detail by means of Fig. 2. The dot- 
ted lines are the feedback lines 
originating at various independent 
variables Qx and having the slope 
—1/A. The resonant curve of a har- 
monic resonant circuit is expressed 
in terms of 


V~ = Vie/VI+Qzq)? — (3) 


yielding, for three values of the r-f 
excitation characterized by three 
resonance voltages V,,,, the three 
dashed curves. The feedback lines 
intersect these resonance éurves at 
the values Qx,—Qx —AQx, where 
AQx denotes the shifting of the new 
curves. Because the explicit evalua- 
tion of these new resonance curves 
in terms of V~ = f(Qx) results .2 an 
equation of higher order, it is simpler 
to evaluate Qx = £(V~) so that we 
obtain 


02. = AV~+¥ (Vies/V~)?—1 (4) 


There are three important phe- 


Fig. 2: Transformation of resonance (dashed) to nonharmonic (solid) curves by feedback (dotted) 
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nomena that can be seen at a glance. 

First, the resonance maximum, 
under the influence of frequency 
feedback, shifts from the original 
value zero to Qx,., = AVyres,, and 
therefore follows the resonant line. 
Because of V-— 0, the lower por- 
tions of the new resonance curves 
coincide with the harmonic curves, 
consequently the “nonharmonic” res- 
onance curves are unsymmetrically 
deformed. The “higher” branches, 
more accurately the branches over 
Qx > Qx,.,, become increasingly 
steep at the expense of the opposite 
branches over Qx < Qx,,,. In terms of 
feedback terminology, we may say 
that the frequency feedback is posi- 
tive above resonance and negative 
below. 


Critical Case 


Second, Fig. 2 reveals a critical 
case at which a small section of the 
higher branch becomes vertical. This 
critical case is characterized by the 
fact that the slope of the feedback 
line equals the maximum slope of a 
resonant curve at its point of inflec- 
tion, in the present example of the 
dashed curve at V,,, = 3 volts. Be- 
cause the maximum slope of 
the standardized resonance curves 
amounts to 0.385 V,,.,, the critical 
case occurs at the resonant voltage 
Vecg == 26/A. 

Third, at higher resonance volt- 
ages the higher branch assumes a 
negative slope (curve 3). The system 
becomes unstable in that the r-f 
voltage describes a tuning loop. 

Without any further explanation, 
it can easily be seen that the picture 
reverses when the slope of the feed- 
back line reverses its sign which is, 
when the modulator capacity de- 


Fig. 3: Frequency feedback by ferroelectric 
capacitor (a) and de voltage amplification (b) 


: 


(Continued ) 


creases with increasing feedback 
voltage, for example, if the polarity 
of the diode D in Fig. 1 is reversed. 
The frequency feedback then is posi- 
tive at frequencies below and nega- 
tive at frequencies above resonance. 

The external modulator in Fig. 1 
may be replaced with an internal 
modulator in that the tank circuit 
contains either a saturable r-f re- 
actor or a ferroelectric capacitor. In 
both cases, the dynamic reactance 
and therefore the tank frequency de- 
pends on the magnetization or polar- 
ization, in other words, on a control 
current or a control voltage, re- 
spectively. The ferroelectric conden- 
ser C, in Fig. 3(a) is charged di- 
rectly by the diode D whereas the 
voltage V, acts as bias. The degree 
of frequency feedback can be in- 
creased by introducing a multistage 
amplifier into the feedback loop. 
Thus, the circuit diagrammed in 
Fig. 3(b) exhibits a sensitive fre- 
quency feedback because a vacuum 
tube amplifies the detector voltage 
while the plate battery, at the same 
time, produces the necessary bias. 

Fig. 4 illustrates examples of non- 
harmonic resonance curves taken 
with the aid of a sweep generator 
and a barium strontium titanate con- 
denser. At low r-f excitation, reso- 
nance occurs at w, (oscillogram a). 
The following two oscillograms show 
not only the shifting of the reso- 
nance maximum toward higher fre- 
quencies but also reveal (b) the 
critical condition of operation and 
(c) the instability. 


Internal Frequency Feedback 


The external frequency-feedback 
channel is to be taken primarily as 
a means of explaining the principle. 
A disadvantage of external feedback 
is the time constant of the filtering 
network in the detector circuit. In- 
ternal frequency feedback avoids 
such a limitation because it operates 
solely under the influence of r-f. 

Internal frequency feedback oc- 
curs in any nonharmonic resonant 
system at strong excitation, regard- 
less whether the nonlinearity is 
caused by a saturable reactor (Fig. 
5a), a ferroelectric capacitor (Fig. 
5b), or both in proper combination, 
and regardless of whether or not the 
nonlinear elements are subjected to 
a bias. In order to gain an insight 
into the phenomenon of internal 
frequency feedback, it will be helpful 
to review some pecularities of ferro- 
magnetics, and ferroelectrics under 
various conditions of operation. 

The philosophy of ferromagnetics 


is very complex and that of ferro. 
electrics is not even fully developed, 
Therefore we can improve oy 
knowledge only through the analogy 
between ferroelectricity and ferro. 
magnetism. Nevertheless, the com- 
plexities become evident if we re- 
call the various types of permeability 
such as the initial, the reversible, the 
incremental, the apparent or effec. 
tive, and even the complex perme. 
ability which lead to similar types 
of permitivity. The discussion, un- 
der a common point of view, is 
facilitated if we combine both terms 


Fig. 4: With increasing r-f excitation, har- 
monic curve (a) assumes the critical form (b) 
and then becomes unstable as is shown by (¢) 


in speaking of “permeativity” (u,¢) 
whereby we keep in mind that we 
mean » — B/H or AB/AH as well as 
D/E or AD/AE where B and D is the 
magnetic or electric flux, respec- 
tively, and H or E the magnetic or 
electric polarization. 

The philosophy of our permeativ- 
ity, under the influence of biasing 
and superimposed alternating fields, 
may be derived from magnetic as 
well as dielectric hysteretic loops. 
Right from the start, we confine our- 
selves to an average or dynamic 
permeativity that means to a per- 
meativity only for the fundamental 
frequency but we neglect the hyster- 
etic losses as well as the harmonice 
distortions. 


Polarization Characteristi¢e 


With these restrictions in mind, 
let us consider Figs. 6(a) and (b). 
Fig.(a) shows a polarization char- 
acteristic with various minor hys- 
teretic loops resulting from an ac field 
superimposed upon different biasing 
polarizations. In other words, the 
test specimen is driven at various 
quiescent points of operation. 
slope of the major axis denotes the 
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incremental permeativity (u, <)A. It 
can easily be seen that this value not 
only decreases with increasing bias 
but, at the same time, increases with 
increasing ac amplitudes. As a re- 
sult, the dynamic inductance of a 
saturable reactor and the dynamic 

itance of a ferroelectric capaci- 
tor changes when the elements are 
subjected to different biasing as 
well as ac polarizations. 


R-F Reduction Effects 


When the r-f excitation is re- 
duced, the incremental permeativity 
asymptotically approaches the re- 
yersible values (u,c),. Note that va- 
rations of the bias and varying r-f 
amplitudes produce opposite effects. 


Numerous tests with nonlinear 
specimens of both types confirmed 
these results to a certain degree. At 
large ac fields, the incremental per- 
meativity decreases because it suf- 
fers a peculiar rectification. An ex- 
treme, namely a specimen excited by 
increasing r-f fields with no bias 
present, is depicted in Fig. 6(b). Re- 
calling the definition of the dynamic 
permeativity, we see the slope of the 
major axis of the different hysteresis 
loops first increase a little but then 
decrease as soon as the peaks run 
into the regions of saturation. An 
alternate explanation is that the 
permeativity suffers saturation dur- 
ing part of the cycle thus reducing 
the effective value. Fig. 6(c) illus- 
trates the case wherein the specimen 


i 
® Vv, © 


Fig. 5: Nonharmonic resonance circuits using 
lron-core inductance (a) and capacitor (b) 
is subjected to a constant bias with 
increasing r-f polarization super- 
posed. Without going into details, the 
small increase of the permeativity 
and the subsequent decrease of the 
dynamic value can easily be seen by 
combining the Figs. 6 (a) and (b). 
(Continued on page 126) 


‘PRECISION TRANSISTOR OSCILLATOR 


Peter G. Sulzer at the National Bu- 
reau of Standards has recently devel- 
oped a crystal oscillator that is small, 
portable, dependable, and accurate over 
long periods of time. The new unit, 
utilizes a junction transistor as the 
source of driving power for a high-sta- 
bility quartz crystal unit. All compo- 
nents of the circuit, including the power 
supply, fit into a metal tube less than 
2 in. in diameter and about 7 in. long. 
At an operating frequency of 100 xc, 
the long-period drift in the first model 
was about 3 parts in 109 per day. 

The major components of the transis- 
tor oscillator are a type 2517 junction 
transistor, a high-precision 100 xc GT- 


power to the whole unit (1.35 volts at 
100 microamperes), and has an active 
life, under these conditions, of five or 
more years. 

Two of the requirements that must be 


rt B 
ii 


transistor, are lumped 
tted’’ in a casting resin for 


SF22 


: (below left) Exploded view and circuit diagram of the new transistor 
developed by the National Bureau of Standards. This new oscillator 
a metal tube less than 2 inches in diameter and about 
Mercury cell (right), with a life of about 5 years, supplies all the veloped 
the unit—1.35 volts at 100 microamperes. The circuit components, in- 
together in a bakelite form (center), which 
rigidity’. The GT-cut quartz 
in an evacuated envelope (left). The new oscillator has a short- 
stability of about 3 parts in 1010 and a long-time agcuracy ( 
of 3 parts in 109. The schematic diagram below the exploded view - 
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met in developing a high-stability crys- 
tal oscillator are constancy of phase 
shift in the feedback loop associated 
with the crystal and constancy of the 
amplitude of oscillation. A constant 
phase shift is obtained by using large, 
stable “swamping” capacitors at both 
crystal connections and by using highly 
stable components in the remainder of 
the circuit. Excellent amplitude stability 
is achieved by operating the transistor 
in such a manner that collector-voltage 
limiting is produced. 

The transistor is used in the grounded- 
emitter connection. It produces an out- 
put of 0.8 volt across a tuned circuit 
connected to the collector electrode. 
The tank circuit, composed of a 350 pyf 
capacitor and a 6 mh coil, is designed 
to oscillate at 100 xc; however, the 
magnitude of the voltage is too high to 
be applied directly to the crystal unit. 
Consequently, the voltage is reduced 
by means of an attenuator, which con- 


istor oscillator. 
7 inches 


24 hour 
components. 


sists of a 40 puf and a 0.01 pf capacitor 
in series from the collector electrode to 
ground. The driving current (less than 
100 microamperes) for the crystal is 
taken from the junction between these 
capacitors. The crystal voltage is 
coupled to the output through a 100 unf 
capacitor. 


Crystal Mounting 


Over half of the space in the 1%-in. 
diameter by 7-in. metal tube is con- 
sumed by the crystal, which is mounted 
in an evacuated glass envelope. The 
transistor, coil, capacitors, and resistors 
are supported on a bakelite frame that 
may be “potted” in casting resin to add 
to the rigidity of the section. The mer- 
cury cell, only about one-half inch 
deep, is at the base of the assembly and 
is insulated from the metal “can” by a 
bakelite shield. 

(Continued on page 145) 


shows the various resistor, capacitor, and inductive components of the trans- 


Fig. 2: (below right) Basic components of the new transistor oscillator de- 
by the National Bureau of Standards. The drivi 
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Fig. 1: (photo above) 
High voltage supplies 
on one chassis 


Fig. 2: Power supply 


cirevit delivers 20 to 
30 kv positive de 
and 4 to 10 kv neg- 
ative dc. Regulation 


Ils +0.5% with 90 
to 130 v. ac line 
variations 


HE chassis pictured in Fig. 1 
contains both a positive and 


negative regulated r-f power supply 
using a common dc power source. 
The dual unit was developed to pro- 
vide accelerating and cathode poten- 
tials for the cathode-ray tube of an 
oscilloscope. Remote installation of 
the oscilloscope required that it be 
operated for days without mainten- 


ance or attention. An installation of 


this type demanded extreme relia- 
bility of the oscilloscope and its asso- 
ciated components. The need for high 
dependability suggests for first solu- 
tion, that high voltage be obtained 
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directly from a 60-cycle voltage 
source by a_ transformer-rectifier 
circuit. However, the problem was 
complicated further by the rigorous 
requirements imposed on the high- 
voltage supplies. The installation re- 
quired that the de voltage be regu- 
lated to better than +0.5% and 
ripple content be 0.5% or less. These 
two factors alone rule out the feasi- 
bility of 60-cycle supplies when 
space and weight of the units are 
limited. Another requirement that 
both positive and negative dec volt- 
ages be independently variable over 
wide ranges prohibited the use of a 


single power supply. Considering the 
requirements imposed, a r-f power 
supply was selected as being most 
practical for this application. 


Cirenit 


Fig. 2 is a schematic diagram of 
the complete power supply. To aid 
in maintaining good regulation with 
varying input voltage, both the posi- 
tive and negative radio-frequency 
supplies were driven by a 500-volt 
plate supply using a Sola Constant 
Voltage transformer. Using a Sola 
power transformer in conjunction 
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| ih Voltage Supply 


with a voltage-regulating network 
made it possible to maintain +0.5% 
de voltage regulation with ac line 
yoltages from 90 to 130v. The positive 
HV supply provides an output range 
of 20 to 30 kv de. This supply con- 
sists of a type 815 tube, both sections 

ted in parallel as a reverse 
feedback oscillator, and a r-f step- 
up transformer with voltage-doubler 
rectifiers. Oscillator plate voltage is 
regulated by controlling a type 6AS7 
tube in series with the oscillator 
power supply. A type 5651 voltage- 
reference tube provides a fixed volt- 
age reference to a type 6SJ7 control 
amplifier tube. The 5651 is an 
excellent voltage reference if its cur- 
rent is maintained between rather 
close limits. This tube exhibits much 
less hysteresis than the conventional 
yoltage regulator, such as, the type 
0C3/VR105. This means that the 
actual voltage across the tube varies 
a minimum between successive on 
and off operations. 

The negative power supply has an 
oscillator and r-f transformer similar 
to the positive supply except that 
here a type 6L6 tube is used as the 
oscillator and a half-wave rectifier 
provides negative voltage from —4 
to —10 kv in two ranges. Connecting 
the 6L6 as a pentode covers a range 
of —5 to —10 kv and by connecting 
the 6L6 as a triode, the regulation 
range is shifted to —4 to —6 kv. 
Plate voltage of the oscillator is 
regulated with a type 6AS7 tube in 
series with the plate-supply voltage. 
Two stages of amplification through 
& type 6SL7 tube provides the cor- 
rect polarity for regulation of the 
6AS7 with high sensitivity. A type 
5651 voltage-reference tube serves 
a dual purpose: to raise the gain 
of the error voltage as well as to 
provide a reference voltage, by con- 
necting the ground end of the nega- 
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tive supply to this tube. This connec- 
tion permits sampling the error volt- 
age at a higher potential above 
ground and hence, samples a larger 
percentage of the error voltage 
which appears across the dc out- 
put. The high gain resulting from 
cascading the two halves of the 6SL7 
requires that extra care be taken in 
shielding and positioning of wiring 
to prevent oscillation in the control 
circuit. 


Performance 


Load regulation curves for the two 
supplies are shown in Fig. 3. Regula- 
tion of the negative supply was 
made considerably better than that 


of the positive supply, since the for- — 


mer provided the potentials for the 
gun structure of the CRT. The ex- 
tent of control on regulation is 
shown by the “plateau” or flat por- 
tion of the curves. The width of this 
“plateau” is limited by the range 
of plate voltage available to the 
oscillator tubes. Increasing or de- 
creasing the input ac voltage has the 


Fig. 3: (1) Load regulation of pos. & neg. supplies 


Fig. 4: (c) Output at Lpri=0.21 mhz Loec—= 44.4 mh; 197 196195 “194193. 192 191 90 m9 
K=0.265; Eosc==350 v; 125 meg load. Fig. 5: Output 2 St oO 
with r-f transformer, Lsec—=31 mh; others same as 4 —— 0¢ ouTPUT 


———PLATE CURRENT 


effect of increasing or decreasing the 
width of the “plateau.” Using a Sola 
transformer in the oscillator plate 
power supply minimized this effect. 

A test of regulation under condi- 
tions of 120°F and 90% relative 
humidity showed that +0.5% regu- 
lation could be maintained under 
constant conditions. However, the 
positive voltage changed +1.3% and 
the negative voltage changed +0.5% 
in raising the ambient temperature 
from 75°F to 120°F since no at- 
tempt was made to make the cir- 
cuit temperature compensating. 


Design 


Mautner and Schade’ have out- 
lined the procedure for the design 
of r-f transformers used in r-f power 
supplies. This paper is very valuable 
in view of the fact that most avail- 
able literature on coupled-circuits 
theory is not readily adaptable to 
an application of this kind. 

The secondary high-voltage coil 
design for the positive power supply 
was also used in the negative supply 
with satisfactory results; the pro- 
duction problem was simplified by 
using a single type. Although the 
same secondary coil was used in 
both supplies, the resonant frequen- 
cies of the two oscillators were not 
the same since the capacitance pre- 
sented by the rectifying circuit was 
different in each case. The resonant 
frequency of the negative-supply 
oscillator was approximately 220 xc 
while that of the positive-supply 
oscillator was approximately 190 xc. 
The difference in the resonant fre- 
quencies of the two oscillators, plus 
the placement of a metal screen be- 
tween the units, prevented any 
interaction due to the proximity of 
the two tank circuits on a single 
chassis. In this particular design the 
type 5825 rectifier tubes were used 
to. achieve good reliability. The 5825 
has a peak inverse voltage rating 
that is twice that of the type 1B3GT 
so that rectifier tube failure was 
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Fig. 6: Output characteristics using different coefficients of coupling, Lp-:——0.13 mh, 
Lsec—=31.1 mh. Oscillator plate voltage is 350 volts, and the de load is 125 megohms 


reduced to a minimum. Experience 
with the 1B3GT rectifiers showed 
that they would frequently become 
gaseous and unduly increase the r-f 
transformer loading. There have 
been no failures other than filament 
breakage due to handling, when 
using the 5825’s, even though 150 
type 5825 tubes have been in service 
for several hundred hours for each 
tube. 


Secondary Coil 


The secondary coil of the r-f 
transformer was designed to deliver 
15,000 v. peak as a maximum with 
the range of operation from 10,000 to 
12,500 v. peak. Designing a second- 
ary coil to withstand such high volt- 
ages poses the problem of preven- 
tion of corona and excessive heating. 
Such problems are particularly dif- 
ficult where the physical size of the 
coil must be kept smail. Factors in- 
fluencing the design of the secondary 
coil are listed in order of descending 
importance: 

1. Absence of corona at 15 kv peak. 

. Absence of breakdown from 

heating. 
. Small physical size. 
. High unloaded Q. 
. High inductance. 
. Low distributed capacitance. 
. Low loaded Q. 


Considering these design para- 
meters, several factors are seen to 
be incompatible so that it becomes 
necessary to make compromises. 
For example, to insure freedom from 
corona, this wire size must be large; 
but this precludes maximum induc- 
tance for a given space. To reduce 
coil heating, the winding must be 
distributed to give adequate heat 


dissipation and ventilation, whereas 
the inductance would be higher for 
a more compact coil. The result is 
that anything done to reduce coil 
heating, which at the same time, re- 
duces the tuned impedance of the 
tank circuit, may result in a net in- 
crease in coil loss and coil heating 
instead. Therefore, increasing wire 
size and turns distribution must be 
done judiciously so that the tuned 
impedance will be kept sufficiently 
high to prevent excessive secondary 
coil losses. 

An attempt was made to use an 
available commercial r-f trans- 
former which has the following di- 


_ mensions: 


ji Secondary 
Number of Turns 1400 
Form of diameter bas in. 


3/41 Litz 


Primary 
40 
3.25 in. 


50/38 Litz 

0.21 mh 

0.55 in. 
330 


Coil height 
Q 


This secondary coil was not practi- 
cal for operating above 10 xv peak; 
arc-over and corona caused failures 
at 12.5 Kv under conditions of high 
humidity and long continuous opera- 
tion. The compact 7-pie construction 
of this coil did not allow sufficient 
radiation of heat and since the pri- 
mary r-f coil was mounted coaxially 
with the secondary r-f coil, the high 
voltage end of the secondary was 
close to the primary windings and 
arc-over occurred, The small wire 
size and configuration of this second- 
ary r-f coil limited the maximum 
operating voltage to 10 xv peak. It 
was found that the allowable maxi- 
mum operating voltage could be 
raised by addition of forced-draft 
cooling; however, for this applica- 
tion the addition of a blower unit 
was not practical. Fig. 4 shows the 


output characteristic of the voltage 
doubler using this commercial coil, 

Using the experimental data for 
the performance of the commercial 
coil in addition to design techniques 
set forth by Mautner and Schade!, 
a r-f transformer was designed hay. 


ing the following dimensions: 
Secondary Primary 

Number of turns 1400 
Form diameter ca ay 
7/41 Litz 
31.1 mh 
2.35 in,’ 

260 


32 
3.25 in, 
2 
50/38 Litz 
0.13 mh 
0.55 in, 
360 


Inductance 
Unloaded Q 


This secondary coil proved quite 
satisfactory operating at voltages as 
high as 17.5 xv peak without evi- 
dence of corona or excessive heating, 
It is evident that reducing the in- 
ductance of the secondary coil would 
lower its impedance at resonance 
which would in turn raise the coil 
losses due to increased secondary 
current. However, the additional 
pies, increased wire size, and the 
overall increase in radiating surface 
tended to reduce the operating tem- 
perature of the coil. The actual 
measured temperature rise was 
found to be slightly lower than that 
of the commercial coil, even though 
calculations indicated that coil losses 
were increased about 30%. Both 
coils were wound on thin impreg- 
nated forms that were slotted be- 
tween each pie winding to give as 
much ventilation as possible and still 
provide adequate support for the 
windings. 


Output Characteristics 


Output characteristics for the new 
secondary coil, with two different 
primary coils, are shown in Figs. 5 
and 6. Plotting dc voltage output 
versus primary tank capacitance 
gives a better representation of out- 
put characteristics than the conven- 
tional plot of voltage output versus 
frequency. The change in frequency 
that results from variations in pri- 
mary capacitance is small, in the 
order of 5 to 8 kc, and is not as 
convenient to obtain as values of 
primary capacitance over the same 
range. Another reason for plotting 
the value of primary capacitance as 
abscissa, is its importance as 4 
variable in determining the r-f 
transformer output. In maximizing 
the output of a r-f power supply, 
the most important adjustments are 
(1) degree of coupling in the r-f 
transformer and (2) primary tuning 
capacitance, each adjustment made 
with a constant de oscillator plate 
voltage and load. Since the second- 
ary of the r-f transformer is tuned 
by its distributed capacitance 
the parallel capacitance of the high- 
voltage rectifying circuit, tuning ad- 

(Continued on page 117) 
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Transistor Characteristics 
at Low and Medium Frequencies 


How properties of junction types modify circuit performance. Use of vacuum 
tube analogy and admittance parameters lead to simplified design approach 
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ce he performance of a junction tran- 
t- sistor changes rapidly when the 


n- § operating frequency is increased. To 
us ff Obtain a better understanding of the 
cy @lactors that determine the low and 
i- medium frequency performance, the 
he § ‘ansistor parameters that are of im- 
as portance must first be understood, 


and next, suitable methods of para- 
meter measurement must be devised. 
This article will be concerned with 
these two aspects. 

In order that the terminology and 
symbology to be employed in this 
presentation are well understood, it 
is necessary that a preliminary de- 
velopment of the transistor subject 
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Fig. 2: Base characteristics of p-n-p type 


be undertaken. The starting point for 
this development is a vacuum tube 
analogy’ as shown in Fig. 1. Here an 
n-p-n junction transistor is com- 
pared directly with a three-element 


vacuum tube. The emitter corre- 
sponds to the cathode and the collec- 
tor to the anode. In the transistor, the 
active region is the p-type germa- 
nium base. The corresponding active 
region in the vacuum tube is the 
space included between the cathode 
and anode. In order that the vacuum 
tube active region be field-free, as is 
approximately the case in the tran- 
sistor, the vacuum tube active space 
is enclosed between two grids con- 
nected together to form a grid struc- 
ture which is now comparable with 
the transistor base element. 

A direct comparison between the 
two devices is particularly useful to 
those who are making a transition 
from vacuum tube art to transistor 
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art. Both transistor and vacuum tube 
require a positive voltage on the base 
and grid respectively in order to get 
significant output current. For this 
mode of biasing, both devices exhibit 
“pentode” output characteristics with 
the collector or anode current being 
essentially independent of the collec- 
tor or anode voltage except at low 
voltages where the collection of elec- 
trons is limited by space-charge con- 
ditions. Thus, the base-to-emitter 
voltage in the transistor determines 
the number of electrons entering the 
base wafer. Most of these electrons 
flow to the collector to produce a 
saturated collector current. It is seen 
then, that there is a close correspond- 
ence between transistor collector 
characteristics and vacuum tube 
anode characteristics. 

The preceding discussion has cen- 
tered about an n-p-n junction tran- 
sistor. The data to be presented here 
are for a p-n-p junction transistor 
which can be considered analogous 
to a vacuum tube provided the cath- 
ode emits positrons. The charge car- 
rier for either device is now positive 
so that all voltage polarities must be 
reversed. 

The de characteristics of a junction 
transistor can be presented in several 
different ways. A set of characteris- 
tics that appears to be particularly 
useful includes the base characteris- 
tics, transfer characteristics, and col- 
lector characteristics. This set of 
characteristics follows closely the 
data usually presented for a vacuum 
tube. Following vacuum tube prac- 
tice, the transistor voltages are meas- 
ured with the emitter as the refer- 
ence point. Thus, the base character- 
istics for a p-n-p junction transistor 
are depicted in Fig. 2, The following 
comments are applicable to this as 


98 


well as the following figures. The 
axis directions have been chosen to 
be algebraically consistent with the 
quantities being measured. Upper- 
case letter subscripts are used to de- 
note de values and lower-case letter 
subscripts will be used to denote ac 
values. Finally, all data to be pre- 
sented are for the same transistor, 
an experimental p-n-p junction tran- 
sistor made by alloying indium into 
opposite faces of an n-type germa- 
nium wafer.? The transfer character- 
istics of the transistor are shown in 
Fig. 3, and the collector characteris- 
tics in Fig. 4. Collector characteristics 
have, in the past, been published with 
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Fig. 4: P-N-P type collector characteristics 


the emitter current as the running 
parameter, but, in this case, a con- 
siderable amount of redundant in- 
formation is presented stating that 
the emitter current is approximately 
equal to the collector current. The 
collector characteristics in the pres- 
ent slide are more informative be- 
cause the parameter is the base-to- 
emitter voltage. Among other things, 
it is apparent, as was also indicated 
in the preceding transfer character- 
istics, that the transistor exhibits 
nonlinear control characteristics 
similar to a vacuum tube. The prob- 


Fig. 5: (r) Two- and one-generator common-emitter equivalent circuits 


Table Ill: (1) Conditions for Maximum Power Amplification in Transistors 


lem of obtaining linear operation is 
therefore very similar for both de- 
vices. 


Small-Signal Representation 


There are many amplifier applica- 
tions for which the operation of the 
transistor is accurately specified on 
a small-signal basis. Accordingly, a 
small-signal representation of the 
transistor is very useful. Any four 
independent parameters are sufi- 


cient to specify the small-signal and} 


therefore the linear) operation of the 
transistor. The parameters most often 
employed are the four coefficients 
associated with the input and output 
terminal equations. Since these ter- 
minal equations can be written in 
either a nodal or a loop form, there 


is a choice of using either admit- | 


tances or impedances as the para- 
meters. Most of the literature that 
has been published has employed the 
impedance parameters. It is the 
author’s belief that the nodal equa- 
tions together with the admittance 
parameters are somewhat more suit 
able for the following reasons: 

(1) The emitter current is approxi- 
mately continuous through the de 
vice so that current equations appea 
more appropriate; 


(2) The nodal equations lead easily § 


to a m equivalent circuit which has 
been used extensively in connection 
with vacuum tubes because @ 
greater ease of circuit adaptability. 
In contrast, the loop equations 
easily to a T equivalent circuit wilh 
an inaccessible neutral point; 

(3) One of the most compelling 
reasons is the existence of commet- 
cial equipment for the measur 
of the real part of the admittance 
parameters. 

There are three possible transite 
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connections depending upon which 
of the three transitor elements is 
js chosen as common. In order to 
maintain the comparison. with the 


| vacuum tube and because this will 


probably be the most frequently 
used connection, the common-emit- 
ter circuit is singled out for detailed 
attention. Accordingly, this article 
will be devoted exclusively to the 
admittance parameters associated 
with the common-emitter circuit. It 
is well to note that this choice im- 
poses no serious restrictions as, 
knowing one set of independent par- 
ameters the appropriate parameters 
associated with any other circuit in- 
cluding the loop-derived parameters 
ean be easily determined. In order 
that the notation to be employed be 
understood, the nodal equations and 
the definition of the admittance par- 
ameters for a common-emitter tran- 
sistor circuit are shown in Table 1. 


t,o". 056 MA f,. *0645 MEG 1, *-2Ma 
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Fig. 6: Nodal derived circuit of p-n-p unit 


A few words concerning the notation 
employed may be appropriate. The 
first two subscripts are chosen to 
coincide with the numerical notation 
often used in connection with a gen- 
eral four-terminal network. The last 
subscript designates the common 
element of the circuit connection. 
The nodal equations are depicted 
most directly by means of a two- 
generator equivalent circuit shown 
on the top of Fig. 5. The one-genera- 
tor equivalent circuit shown on the 
bottom of Fig. 5 is the m equivalent 
circuit that is doubtlessly familiar 
toall who have studied vacuum tube 
operation particularly at high fre- 
quencies. The parameters of the n 
equivalent circuit employ a pre-sub- 
‘Seript to designate the common ele- 
Ment and have been designated in 
aunique manner so that there will 


| be no ambiguity with the two-gen- 


erator parameters. It is well to point 
out that -ym is a parameter somewhat 
comparable to the complex trans- 
conductance of a vacuum tube and 
fore is of considerable impor- 
lance. The nodal parameters can be 
used to define certain amplification 
— as shown in Table II. Of these 
rs, the forward current ampli- 
a factor has been greatly over- 
Worked in connection with. transitor 
operation. Equally as important is 
forward voltage amplification 
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factor which has so often been over- 
worked in connection with vacuum 
tube operation. The power amplifi- 
cation factors were conceived by the 
speaker in order to have a single 
factor that might be used as an index 
of the transitor performance. It is 
noted that the power amplification 
factors are essentially the product of 
the appropriate voltage and current 
amplification factors with suitable 
modifications so that the final result 
is always a real quantity. 

With the aid of the four nodal 
parameters, the actual circuit ampli- 
fication, the input and output match 
conditions, as well as other operating 
data can be determined. These quan- 
tities will not be considered except 
as they enter into the subsequent 
considerations of the transistor per- 
formance. 


Low-Frequency Measurements 


In the preceding formulation. of 
small signal representation, admit- 
tances rather than conductances 
have been used because the junction 
transitor exhibits rather pronounced 
reactive effects even at relatively 
low frequencies. At low enough fre- 
quencies, all admittances are essen- 
tially conductances, and it is these 
conductance parameters that are of 
interest for the low-frequency oper- 
ation of the transitor. Although the 
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Fig. 7: P-N-P transconductance characteristics 


conductance parameters can be 
measured by voltmeter-ammeter 
methods a much better method is the 
use of a bridge circuit. The General 
Radio Co. Type 561 vacuum tube 
bridge can be readily used for this 
purpose with the junction transitor 
being connected as though it were a 
vacuum tube triode. A suitable col- 
lector-to-emitter voltage is connec- 
ted to the bridge plate terminals 
and a_ suitable base-to-emitter 
voltage is connected to the bridge 
grid terminals. This -will per- 
mit the measurement of two par- 
ameters, the output conductance, 
gece, and the forward transfer con- 
ductance, geve, and their ratio, the 
forward voltage amplification factor, 


Up. The collector and base connec- 
tions together with their associated 
supplies are then interchanged and 
the input conductance, g,,,., the re- 
verse transfer conductance, g,.., and 
the reverse voltage amplification 
factor, u,., Measured. 


Bridge Measurements 


The bridge measurements are 
made at 1,000 cps, and since reactive 
components are also balanced, the 
real components of the admittances 
at 1,000 crs are obtained. The bridge 
balance for the measurements made 
on the collector side are obscured to 
some extent by transistor noise, but 
with some care and the usual pre- 
cautions, measurements on the col- 
lector side as well as on the base side 
can be made to three significant fig- 
ures. The measurement of the volt- 
age amplification factors can be used 
to check the self-consistency of the 
data which is generally within a few 
percent. 

The 1,000 cps equivalent circuit for 
the p-n-p junction transistor is 
shown in Fig. 6 with components 
other than trans-conductance speci- 
fied in terms of resistance rather 
than conductance. The de operating 
point chosen was a _ collector-to- 
emitter voltage of —6.2 volts and a 
collector current of —2 ma. There are 
a few items: of interest in connection 
with this equivalent circuit. First, it 
is noted that the feedback resistor 
between the input and output, al- 
though not infinite as is the case for 
a vacuum tube, is large enough that 
it is sometimes permissable to con- 
sider the input and output circuits 
independently. Next, it is interesting 
to note that the transconductance, 
45.9 ma/volt, of the transistor is con- 
siderably larger than transconduc- 
tances of vacuum tubes. Of greater 
importance, is the fact that the 
transconductance-to-emitter current 
ratio, g,,/Iz, should have the theoret- 
ical value of e/kT = 38.6. The actual 
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Fig. 8: Input admittance bridge test set 


value of this ratio does not differ 
greatly from this theoretical value. 
Thus for the transistor under con- 
sideration this ratio is 23, that is, 
(Continued on page 150) 
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New Equipment and Componentif 


Preview of products to be displayed at 1953 IRE Convention 


Mounting Assembly 


The 11338 assembly is a relay rack mount- 
ing frame designed to hold combinations of 
the 11301 cover gs PR a is the mounting 
base for the Altec nsing A-428B amplifier 
and the 11302 cover tray which is the 


mounting base used with the A-429B am- 
plifier, P-522A and P-523B power supplies. 
The 11338 assembly will hold a maximum 
of nine 11301 trays or a maximum of six 
11302 trays. These trays are mounted per- 
manently in the 11338 assembly in the quan- 
tity which may. be required and the am- 
plifiers or power supplies are mated into 
them since they contain the mating part 
of the Cannon connector to which permanent 
wiring is attached. Wiring ios are pro- 
vided in this frame, as well as heavy-duty 
terminals for connecting 60 cycle power 
leads. All wiring connections are made in 
the rear. The assembly provides easy access 
to the equipment contained therein and fa- 
cilitates testing and meteri of the various 
units.—Altec Lansing Corp., 9356 Santa Mon- 
ica Blvd., Beverly Hills., Calif —TELE-TECH 
& ELECTRONIC INDUSTRIES. 


_ Antennas 


A complete line of UHF and VHF receiv- 
ing antennas include Model UHF 200 rhom- 
bic antenna shown. Terminal resistance is 
470 ohms, and gain over dipole is 9 db at 


490 MC. er antennas include: corner 
reflector with 13 db gain; ultra V-beam; six- 
element Yagi for 10 UHF channels; broad- 
band UHF bowtie and reflector with 7.3 db 
e double-vee; and the Motel Jet 283 

-UHF combination combining a bowtie 
and conical antenna—JFD Mfg. Co., Inc., 
6101 Sixteenth Ave., Brooklyn 4, N.Y.— 
TELE-TECH & ELECTRONIC INDUSTRIES. 


Fungus-Proof 
Nylon Lacing Cord 


A new Nylon Lacing Cord and Flat 
Braided Tape resists deterioration due to 
the growth of mold and micro-organisms. 
The special synthetic resin coating on the 
cord and tape causes the life to be consider- 


ay lengthened. They are said to have a 
high abrasion resistance and low moisture 
absorption. A further advantage is that they 
have the desirable malleability of wax and 
are non-toxic to ig agg eenagg tay & 
Bartlett Mfg. Co., 500 Fifth Ave., New York 
36, N. Y.—TELE-TECH & ELECTRONIC 
INDUSTRIES 


X-Band VSWR Meter 


_ Simplified, direct measurement of VSWR 
in the 8.5 to 9.6 KMC range is accomplished 
with the Model 539 test set. One application 
shown is checking the transmission effi- 
ciency of a radar scanner’s waveguide feed 
system. This portable X-band unit contains 
modulated source, microwave bridge, de- 


tector, amplifier, indicator and power sup- 
plies. VSWR range is 1.05 to 3.0 in three 
calibrated scales, and 3 to 10 uncalibrated. 
Accuracy is from 5 to 10%. Size of the 
35-Ib. set is 17.75 x 11.25 x 10 in. In addition, 
other equipments on display include: Model 

direct-reading X-band power meter; 
thermistor mounts for measuring power in 
four bands between 5 and 25 C; and the 
SRX-52 Klystron local oscillator.—Sperry 
Gyroscope Co., Great Neck, N. Y.—TELE- 


TECH & ELECTRONIC INDUSTRIES 


Color TV Equipment 


An _ integrated ey of seven racks 
comprise the equipment for the generation 
and test of color and monochrome TV sig- 


nals. The units include color scanning gear, 
NTSC color transmitter and NTSC color 
receiver employing a three-tube dichroic 
monitor. Automatic pushbuttons control the 
transmission and reception of existing color 
signals. Also on display are monochrome 
scanning equipment, an economy type TV 
picture generator, and UHF noise generator. 
—Telechrome, Inc., 88 Merrick ., Amity- 
ville, N.Y.—TELE-TECH & ELECTRONIC 
INDUSTRIES 


Single-Sideband Receiver 


Model 155 triple-diversity single-sideband 
receiver is said to provide the optimum in 
reception of all forms of modulation used in 
HF (3 to 30 MC) communication. This in- 
cludes reception of reduced carrier single- 


Additional 
IRE Equipment Previews 
will appear in the April issue of 
TELE-TECH & ELECTRONIC INIDUSTRIES 
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sideband transmission, and double-sidebanif 
transmission (either AM or PM) by exaltedy 
carrier reception. It is available with eithe 
Hammarlund type SP600JX or Collins typ 
51J communication receivers in triple-di 
versity, dual-diversity, or single receive 
arr ements.—Crosb Laboratories, If 

Box Robbins Lane, Hicksville, N.Y. 
TELE-TECH & ELECTRONIC INDUSTRIE 


Portable Scaler 


Self-contained portable scaler Model 2 
is a Geiger-Mueller scaler which provide 
count indication with an electronic sc 
of-eight and a mechanical register. Unit in} 
cludes input amplifier, scale-of-eight wit 
interpolation meter, register and drive, ani 
battery-vibrator supply. Maximum countin 
rate is 6000 counts per minute, with a p 
pulse resolution of 0.1 millisecond. 
sensitivity is 0.5 v., and the vibrator su) 
900 v. A 700-v. type is also available. 
complement includes three “‘little six” 15-1. 
cells, three D cells, and one 45-v. B battery, 
with a battery life 5f 60 hours intermittent 
operation. The 11-Ib. device measures Ili 
6.25 x 8 in. Other equipment to be on diam 
are the Series 1 digital recorder 
Meschey Scientific. 2000 ‘Wright Ave, Bie 

erkeley Scientific. a 
mond, Calif.— -TECH & ELECTRONIC 
INDUSTRIES 


Power Supply 


Model 750 power supply features one r- 
ulated de voltage supply with excellent ré- 
ulation, low ripple content and low output 


im ce. It is continuously variable fro 
0-600 v. and delivers from 0-750 ma, In tht 
range 30-600 v. the output voltage variatid 
is less than 12% for both line fiuctuatiow 
from 105-125 v. and load variation fm 
minimum to maximum current. The 
voltage is:less than 10 mv peak to 
Kepco Laboratories, 131-38 Sanfo : 
FI , N. ¥.—TELE-TECH & ELD 
TRONIC INDUSTRIES 
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Hor Engineers and Designers 


Exhibitors’ products reveal many new developments 


Precision ‘‘Magic Tee”’ 


A precision ““X’’ band hybrid junction uses 
a new t. of construction assuring isolation 
of — "tb or better as well as low VSWR 


over a broad frequency range. Stub and 
septum matching is employed to provide a 
nominal VSWR of 1.05 at the design center, 
and 1.185 at the 10% band extremes, using 
any arm as input terminal. Better VSWR's 
can be provided on special order. In addi- 
tion to its function as a Magic Tee, it can 
be used as a highly accurate power divider, 
in the configuration of a shunt or series tee, 
by blocki the appropriate arms. It is sup- 

led with plain flange faces, in 4 x .9 inch 
waveguide size in brass or aluminum. Other 
sizes can be supplied on special order.— 
General Precision Laboratory, Inc., 63 Bed- 
ford Road, Pleasantville, New York.—TELE- 
TECH & ELECTRONIC INDUSTRIES 


Tandem Coupling Kits 


Two new rheostat coupling kits facilitate 
the mounting of certain standard Ohmite- 
theostats in tandem. Each kit consists of a 


“U” frame, mica washer, coupling, 
en wrench, and an em instructions. 
large frame is designed for use with 
mn Model G, K, or L rheostats. The 
frame is designed for use with Ohmite 
H or J rheostats—Ohmite Manufac- 

my Co., 4835 Flournoy St., Chicago, 1.— 
“TECH & ELECTRONIC INDUSTRIES 


Hermetically-Sealed Series 


KH and RKH connector series have 

h added to Cannon’s heremetically-sealed 
The new plugs and receptacles are 
in construction to the GSO2 and 

5 (AN type). Chief features of the steel 
common to the Cannon Electric K and 
ypes, is the heayy duty special Acme 
H receptacles mate with standard K 


plugs and RKH plugs with RK receptacles. 
he true hermetic seal is achieved by the 
special vitreous insulation around the steel 
contacts and fused to the shell. The KH 
connectors will withstand 200 to 900 psi, 
depending on size and contact complement. 
—320°F to +600°F, emergencies to 1,000°F 
if mating fitting and finish are experidable. 
All MIL-C-5015 vibration and thermal shock 
tests are met.—Cannon Electric Co., 3209 
Humboldt St., Los Angeles 31, Calif.—TELE- 
TECH & ELECTRONIC INDUSTRIES. 


Projector for TV 


A lightweight projector for TV_ stations 
provides automatic, remote or local control 
‘lapping’”’ of an unlimited number of 2”x 
2” transparent sildes. In operation, projec- 
tion alternates from one lens system to the 
other, and the “turrets” which hold the 
slides alternately revolve one slide space 
as they are actuated = a solenoid mech- 
anism. One loading of the two turrets gives 
a sequence of twelve slides. Additional 
load slide turrets, which can be sub- 
stituted for used turrets in a matter of sec- 
onds, provide an unlimited sequence. Toler- 
ances on the projection mechanism are such 
that the variation in positioning of succes- 
sive images is well within the 4 in. width 
image on mosaic at approximately 36 in. from 


the slide. Other lenses may be used to 
istances, 


York, N. Y.— 
CH & ELECTRONIC INDUSTRIES. 


Capacitors 


A line of high voltage disc ceramicon 
capacitors is said to provide the smallest unit 
available for a given voltage and capaci- 
tance. The standard sizes in the new lines 
are 3 in., #$§ in. and 34 in. maximum diam- 
eter. They have phenolic dipped, vacuum 
wax impregnated case insulation. Leads are 
#22 tinned copper wire. Standard de working 
voltage ratings are 1000, 1500, 2000, 3000, 
5000, and 6000, with a dielectric strength test 
of twice the rated working voltage.—Erie 
Resistor Corp., 644 W. 12 St., Erie, Pa.— 
os & ELECTRONIC INDUS- 


Comparison Bridge 


Accurate and simple production tests can 
be performed on the new [av aga yee 
type 1604-A Comparison Bridge. i a 
basic accuracy of 0.1%, the bridge can be 

for direct comparison of resistors, capa- 
citors and inductors over the wide impe- 
dance range of about 2 ohms to 20 meg- 
rs) E o impedance-deviation ranges, 
+5% and +20% are provided. Dissipation- 
factor (or storage-factor) differences are 
also indicated. The bridge is completely self- 
contained with a cathode-ray visual detector 
and an oscillator operating at either 1 ke 
or 5 ke. Operation is from the ac line. The 
int at which the bridge is grounded can 
switched, so that measurements can be 
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made with the unknown either grounded or 
ungrounded. Primary application is that of 
sorting components to a_ given tolerance. 
The standard to be used need not be a 
precision standard but can be a component 
which has been independently measured. An 
offset zero is provided within the bridge 
so that an accurate standard is not neces- 
sary. The bridge is also useful for meas- 
uring center-tapped windings to be sure that 
the tap is correctly center; for checkin 
puree potentiometers and capacitors; an 
or measuring small capacitors of a few yuuf 
by placing them in parallel with, say, 100 
puuf.—General Radio Co., 275 Massachusetts 
Ave., Cambridge 39, Mass.—TELE-TECH & 
ELECTRONIC INDUSTRIES. 


Filter Subminiaturization 


Reductions of from 40 to 50% in the size 
of r-f interference filters through the use 
of metallized paper capacitor elements and 
inductances made with special windings 
on high permeability core materials are 


currently being effected. Standard or spe- 
cially ow filters are available in single 
or multiple filter section for suppressing 
conducted and radiated noise on one or more 
power lines and for noise attenuation from 
14 ke to 1,000 mc. Subminiature filters con- 
form to all existing government specifica- 
tions.—Astron Corporation, 255 Grant Ave., 
E. Newark, N. J.—TELE-TECH & ELEC- 
TRONIC INDUSTR 


Coaxial Terminal Triode 


A water-cooled ring seal triode incorpor- 
ating an integral anode water jacket, the 
ML-6257, is designed specifically for r-f 
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heating application in the 2-3 kw range, 
but is well adapted to AM, FM and TV 
transmission. The tube has plate input and 
dissipation ratings of 7 kw and 5 kw, re- 
spectively; stress-free thoriated tungsten 

ament operates at 12.6 v., 27 amps. 
Maximum ratings apply to 110 MC. It is 
also available in forced-air cooled model 
and in a version designed for use with 
Machlett quick-change automatic seal water 
jacket.—Machlett Labs., Inc.,' Springdale, 
Conn.—TELE-TECH & ELECTRONIC IN- 
DUSTRIES 


Resistors 

Hermetically sealed resistor series 1160 and 
1161 features rugged, shock-resistant con- 
struction provides complete protection from 
corrosion, fungus and other harmful effects 


sesscess scggnugnsnonasseacenestsy 


and temperature. These 


of extreme humidit 
resistors are intended for use as secondary 
standards, resistor elements in bridge net- 
works, in voltage divider circuits, in attenu- 
ation networks, etc. Resistor windings, either 


spool or card type, are supplied with various 
of wire, depending upon the resistance 

and temperature characteristics required for 
the specific application. Temperature coeffi- 
cients as low as 20 parts per million are 
available. All windings are artificially aged 
to insure stability and may be obtained 
with accuracies as close as +0.05%. The high 
stability achieved assures no appreciable 
variation in resistance or accuracy with long 
use, Spool-type resistors are non-inductively 
wound and for most applications, there is no 
appreciable effect _over the audio range. 
ere card-type windings are employed, the 
frequency range is limited by the particular 
design; the usual range is from 0 to 10 MC.— 
The Daven Co., Dept. HR, 191 Central Ave., 
Newark 4, N. J.—TELE-TECH & ELEC- 
TRONIC INDUSTR 


Vacuum Gauge 


Type 511 Alshatron (R) vacuum gauge 
employs a shielded radioactive source instead 
of a hot filament. Alpha particles ionize the 
gas. Ionization current produced is measured 


by a de amplifier which is calibrated to give 
absolute pressure in millimeters of mercury. 
The sensing element and first stage ampli- 
fier are ho in a steel envelope which 
weighs only four ounces. Attachment to the 
vacuum system is made by a 4¢ in. standard 

ipe thread tubulation. 


—— 
subject to fluctuation is elimina by the 
use 


readily available batteries. The use of 


batteries eliminates an expensive regulated 
direct current 


gr icin ‘wer ae and substan- 
tional 


cost e see 43 el 

., 70 Memorial Drive, 
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NEW EQUIPMENT & COMPONENTS (Continued) 


Potentiometers 

A new series of panel mee precision 
potentiometers, Dekapot mode DP ; 
achieve a linearity that is better than 
+0.01% and total resistance that is better 


ts 


than +0.05%. The Dekapot has two decades 
of fixed resistors and an interpolating slide- 
wire to accomplish the voltage division. The 
dial arrangement gives an effective scale 
length of 390 in. e resistance wire used 
has a temperature coefficient of less than 
~+0.002% C°. These units are now available 
in. total resistances of 10,000 ohms. Other 
values are available on special order.— 
Brown Electro-Measurement Corp., 4635 S. E. 
Hawthorne Bivd., Portland 15, Oregon.— 
TELE-TECH & ELECTRONIC INDUSTRIES 


Triode-Pentode 


Both sections of a new miniature nine-pin, 
triode-pentode receiving tube are electrically 
independent and adequately shielded. The 
pentode section is said to provide excellent 


gain with a low local oscillator vo 
which minimizes oscillator radiation. 
pentode section may also be used as an i-f 
amplifier, video amplifier, sound limiter or 
syne separator. The triode performs satis- 
factorily as a horizontal.or vertical oscillator, 
or sync see — oe Electric Products 
Inc., Radio ibe Division, Emporium, Pa.— 
TELE-TECH & ELECTRONIC INDUSTR 


UHF Frequency Meter 


A direct. reading UHF frequency meter 
(model FM-3) has a resetability which is 
+0.0005% and stability which is +0.001%. 
Accuracy is +0.001% and range is 20-640 


po attach. 
ing an external power supply for fixed 

tien use-Gertech Products, Ine. ti 
Mississippi Ave., Los Angeles, Calif.—TELR. 
TECH & ELECTRONIC INDUSTRIES 


Magnetic Tape 


A new magnetic tape for critical recording 
applications ae a new magnetic coat. 
ing material with increased magnetic 
nance. Designated “Scotch” No. 120 “High 
Output” (trade mark) magnetic tape, it is 
designed ppg for use in radio, tele. 
vision and recording studios, in com 
work, and in other critical applications. 
new tape is stated by the manufacturer 


produce at least 8 db more output at a given 
distortion level than any other magnetic tape 
over the entire range of the audio spectrum, 
It has a cellulose acetate backing of the 
same grade and thickness as 
“Scotch”’ No. 111 magnetic tape. Limp and 
easily handled, the new tape has a strong 
and flexible coating, “dry lubricated” by a 
special process to prevent squealing on criti- 
cal machines: No. 120 tape has the same 
coercivity, frequency response erasability 
and print ratio as No. 111 tape, and no 
change in bias is necessary to obtain maxi- 
mum results from the new tape on machines 
now set for optimum bias for No. 111 tape. 
Output uniformity at 1 KC is guaranteed not 
to exceed +14 db within a reel, and +% 
db from reel to reel. The No. 120 tape is 
available in lengths of 2400 ft. on the 
NARTB reel or hub, and in 1200-ft. lengths 
on the 7-in. professional plastic reel with 
the special 234 in. hub only. All len are 
guaranteed splice-free. List price is $7.00 for 
the 1200-ft. length, $13.00 for the 2400-ft. 
length on the NARTB hub, and $15.85 on 
the NARTB reel.—Minnesota Mining and 
Manufacturing Co.. 900 Fauquier Street, St. 
Paul 6, Minn.—_TELE-TECH & ELECTRONIC 
INDUSTRIES 


Oscilloscope Camera 


A new cathode-ray oscilloscope recording 
camera provides still, continuously moving 
film, and drum photography. These 
modes of operation, each having its own 
special advantages, provide records for 
measurement of electrical and physical 
phenomena that may be displaye 
cathode ray tube. This camera is manu- 
factured by Southern Instruments Ltd., Sur- 
rey, England. A continuous feed mechanism 
provides for the movement of 25 ft. of sen- 
sitized material at rates of from 0.4 to 10 
in. per second. The drum attachment, howe 
ing 20 in. of sensitized material, provi 
linear speeds from 4 to 1200 in. per s 
Performated or unperforated film or paper 
of either 35mm or 70mm width may be 
accommodated. The drive motor operates on 


6 to 12 V approximately, drawing 6 amps 

imum. An £/1.9 lens is furnished a 
é aurer, Inc., Photographic 
Instrumentation Div., 37-01 31 St., Long _Is- 
land City 1, N. ¥—TELE-TECH & ELEC- 
TRONIC INDUSTRIES 


Batteries 


A new line of low-voltage, tiny mercuty 
batteries will meet the specific requirements 
and characteristics of transistor operations, 
such as increased energy per unit volume, 
long service life, constant disch 
acteristics and long, corrosion-free shelf life. 
All Mallory transistor power supplies incor- 
porate new contact features for better, cor 
rosion-free service, and the Power-Pak 
teries are coated with a ‘“‘shrink-on”’ plastic 
to provide a tight, leakproof seal between 
cells. They maintain a substantially com 
stant voltage and energy output level 
wide temperature cps 3g : current 


from pera to fe Ye Mallory a F 
c. on, N. Ta wn, N. ¥. 
=iBLE-TE H & ELECTRONIC INDUS- 
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jature, hermetically sealed, double 
ouble throw relay, ene Se 345 
, is designed to operate through a 
range of environment. Due to its well 


E 


wide 


counter-balanced features this relay will 


withstand high acceleration, vibration, shock 
and tumb . It meets the shock require- 
ments of IL-E-5400 and will withstand 


continuous acceleration of 50 G _ without 
malfunctioning. Certain contact combinations 
ean be furnished with a required coil power 
as low as 20 mw and any relay in this series 
can be obtained with a coil resistance as 
high as 15,000 ohms.—Phaostro 
Pasadena Ave., S. Pasadena, Calif.—TELE- 
TECH & ELECTRONIC INDUSTRIES 


Speakers 


Each field coil in a new line of electro- 
+ ngewe speakers is guaranteed to contain 
— number of turns within the stand- 
ard tolerance. There are no wire-stretching 


or other quality-reduc shortcuts to cause 
deviation from the resistance and wire size 
by the customer. The second im- 
t feature is the use of the same per- 
ly round “No-Rub” Voice Coil which is 
used on the Heppner P.M. speaker line. This 
coil en exclusive Lie anges feature) is in- 
Stalled perfectly round by means of a Hepp- 
fer developed process which eliminates all 
egg-shaped coils that cause rubs. The elec- 
tro-dynamic akers are available in 3, 4, 
», 612, 10 and 12 in. sizes with or without 
L coils, plugs, transformers and/or 
e' as_ speci — Manufac- 
Co., Round Lake .—TELE-TECH 
& ELECTRONIC INDUSTRIES 


Reverberation Unit 


An improved form of the Goodfriend— 
Audio Facilities magnetic tape loop system 
comp: the seven-head model 42 rever- 
beration unit imngnowing recorded music and 
Special effects. e signal is recorded, then 
Teproduced by several magnetic heads at dif- 
ferent times. The reproduced signals are re- 
turned to the recording head, and passed 
@round the recirculation loop again with 
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diminished amplitude. Three major controls 
on the 8.75 x 19 in. panel determine head 
arrangement, reverberation time, and rever- 
ant-to-direct sound ratio. The unit contains 
a zero-loss straight-through channel, as well 
as the tape-loop reverberation channel, so 
that no audio system circuit changes are 
necessary. The unit may be patched directly 
between studio-console preamplifier output 
and mixer-input, or between a tape repro- 
ducer output and a disc recorder input. Con- 
trolled input and output levels are —30 or 
+40 VU. Impedances are 600 ohms input, 
600 ohms output. ae ag response for di- 
rect channel is +1 db, 50-15,000 CPS; and 
for reverberation channel is +1 db, 200- 
; CPS, and shaped from 50 to 200 CPS, 
and from 8,000 to 15,000 - Power re- 
uirements are 117 v., 60 CPS, 125 watts. 
everberation time is adjustable up to 10 
seconds. Also, five-head model 40 is avail- 
able with adjustable reverberation time up 
to 6 seconds.—Audio Instrument Co., Inc., 
133 W. 14 St., New York 11, N. Y.— 
TECH & ELECTRONIC INDUSTRIES 


Hipot Tester 


Model 55c Hipot tester has a range up to 
1500 volts in steps of 250 volts with a sensi- 
tivity control that gives exact sensitivity 
desired for detection of faulty insulation or 


surface leakage. Features include: ac or dc 
output; sensitivity up to one megohm/100 
v; guaranteed shockproof to operator; audi- 
ble alarm signal; no surface arcs.—Bliss 
Electronic Corp., Box 123, Sussex, New Jer- 
sey —TELE-TECH & ELECTRONIC INDUS- 


DC Calibrator 


An electronic de calibrator has been de- 
veloped to correct automatically, in true 
time, the non-linearities present in telemetry 
systems. By the use of a paper calibration 


mask, cut to the geometric representation 
of the desired function, both transducer non- 
linearities as well as errors inherent in 


rding 
poses. It operates on input signals from dc 
to one KC with an overall accuracy of ap- 
proximately 1% of full scale. The unit is 
constru on a standard relay rack mount- 
ing and measures caer 88 x 25 x 
25 in. It is designed around a 16-in. cathode 
ray tube, so that masks can be cut ee otgy, 
without need for a reproduction process. It 
can also be used as an arbitrary function 
generator for laboratory purposes or appli- 
cations involv electronic anal com- 
puters.—Benson-Lehner Corp., Saw- 
telle St., Los eles 64 fo - 
TECH & ELECTRONIC INDUSTRIES 


Vacuum Capacitors 


A full line of miniature vacuum capacitors 
fixed and variable types, rated at 3 KV 
and 5 KV, are characterized by their small 
physical size, their negligible power factor, 


and is only 


put to 250uuf 
4 in. ed JCSL Series and the 
variable UCSL Series are both sold in ca- 
— ranging up to 2000u”f—Jennings 

dio Mfg. Co., P. O. Box 1278, 970 Mc- 

ughlin Ave., San Jose 8, Calif.—TELE- 
TECH & ELECTRONIC INDUSTRIES 


Helical Beam Antennas 


The helix conductor in a_ new line of 
helical beam antennas for unidirectional ap- 
plications in the 450-470 MC region is 
molded integrally into a Fiberglas-polyester 


resin radome housing. The Fiberglas molded 
helix is rigidly mounted to a 16 in. square 
ground plate which terminates the coaxial 
cable connector and provides for convenient 
tower. This electrical 


hand units are available as standard pro- 
duction items.—Mark Products Co., 3547-49 
Montrose Ave., Chicago 18, Ill.—_TELE-TECH 
& ELECTRONIC INDUSTRIES 


X-Band ATR 


Type 6276 X-Band ATR is designed for 
operation in the X-band at a frequency of 
9280 MC. It is electrically but not mechan- 
ically interchangeable with such types as 
the 1B35 and 1B35A. A braid gasket flange 
type of mounting is located near the window 
instead of a resonant choke mounted seat. 
Because of this, lower values of normalized 
equivalent conductance and freedom from 
are at high power operation are said to 
be achieved. The tube is completely silver 
brazed and has an overall length of one in. 
The tubulation is located on the narrow 
side of the waveguide body. The mount for 
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the 6276 is of the flange contact 
may be procured from Airtron, a 
oa number 47855. The. electrical equiva- 
ent of the type 1B37 is also available. This 
tube, the 6284, is mechanically interchange- 
able with the type §276 and may be used 
in the same mount. It is designed for opera- 
tion at a frequency of 8750 MC—Microwave 

iates, Inc., 22 Cumm on St., Boston, 
Mass.—_TELE-TECH & ELECTRONIC IN- 
DUSTRIES. 


Printed Circuit 


The Circuitron is a printed circuit which 
uses a different method of bonding the pat- 
tern to the insulating base. The conductive 
pattern can be run from one side of the base 


type and 
c., under 


material to the other by plat: through 
holes maintaining circuit continuity without 
the need for eyelets or other hardware. This 
permits crossovers, greater design flexibility, 
and easy adaptation to single-dip soldering. 
pe a silver and other metals, in any speci- 
fied thickness can be used for the conductive 
circuit. The pattern can be overplated with 
nickel, silver, rhodium or gold.—Circuitron, 
Inc., 400 Ninth Street, oboken, N. J.— 

-TECH & ELECTRONIC INDUSTRIES 


Ultrasonic Delay Lines 


_A series of fused quartz ultrasonic delay 
lines for radar and electronic computer ap- 
grag are available in bandwidths of 12 

C or greater, and feature an extremely low 


ratio of spurious to designed signals. This 
can be held as low as —50 db for special 
requirements. Insertion losses are also kept 
to a minimum, 34 to 50 db being character- 
istic depending on the terminating 

ce necessary.—Anderson Labs., Inc., W. 

ord, Conn.—TELE-TECH & ELEC- 
TRONIC INDUSTRIES. 


New High-Power Klystrons 


Six high-power stron tubes have been 
added to the pr transmitting tube line 
and will be in production soon. Developed 
for UHF tel at San Carlos, Calif., by 
Varian Associates, Inc., the tubes are rated 
for a maximum power output of 15 KW 
with a synchronizing peak level of 12 KW. 
Each of the six tubes is rated for a specific 
UHF range and together they cover all UHF 
channels, from 470 to 890 MC. The type 


numbers, frequency ranges, and channel 
ranges for the six tubes: 

Tube type Frequency range Channel range 
GL-6237 47-530 me 14-23 
GL-6238 530-590 me. 24-33 
GL-6239 590-656 me. 34-44 
GL-6240 656-728 me. 45-56 
GL-6241 728-806 me 57-69 
GL-6242 806-890 me. 70-83 

—Tube t General Electric Co., 
a - ¥— “TECH & ELEC- 
ONIC INDUSTRIES 


NEW EQUIPMENT & COMPONENTS (Continued) 


Crossbar Switch 


Multiple switching of audio, video, com- 
uter and other circuits is effected by cross- 
ar switch employing palladium twin con- 
tacts. Available in up to 25 horizontal levels 
and 10 vertical levels, the unit switches up 


to 10 MC. Piug-in connections are used, and 
strap wiring is eliminated. Contacts are 
made by successive operation of select and 
hold magnets, each requiring 200 ampere 
turns equivalent to 2.5 watts. Release and 
operati time is 0.0005 sec. For 10 x 10 
switch shown, crosstalk is more than 60 db 
down at 10 MC, bridging capacity between 
adjacent conductors is l15uuf, and size is 
x 11 x 3.5 in—James Cunningham, Son & 
0., Rochester 8, N. Y.—TELE-TECH & 
ELECTRONIC INDUSTRIES. 


Wavemeter 


A wavemeter test set consists of a port- 
able indicating instrument of the resonant 
cavity type and other auxiliary apparatus 
contained in a wooden carrying case. It 


measures the frequency and relative strength 


ROR, 


of signals from 2400 to 3400 MC, each test 
set combining two methods for making such 
measurements; namely, the transmission 
method and the absorption method, Max- 
imum powers required to produce full scale 
deflection are: absorption, 2 mw; transmis- 
sion, 3 mw. Accuracy is +0.1%, and “Q” 
loaded is over 1000. Size is 534 x 514 x 33g 
in., and weight is approximately 6 Ilbs., 
9 ozs. The American Wavemeter is being 
supplied also as TS-117/GP.—American En- 
caustic Tiling Co., 924 Kenilworth Ave., 
Lansdale, Pa.—TELE-TECH & ELECTRONIC 
INDUSTRIES 


Standard Microphone 
and Blast Gage 


Model M-141A wide range microphone 
and blast gage will make absolute sound 
pressure measurements over the frequency 
range 20 cps to 30,000 cps and covers a 


dynamic range from a few dynes/cm? to 
several million se gene ag The new standard 
is in the form o: 


a 5g in. diameter cylinder 
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with a small flange near the pressure 

tive end to permit its flush mounting into 
a pipe or chamber when desired. A 20-f, 
cable is provided as an integral part of the 
microphone and the sensitivity is accurately 
adjusted so that 5 uv/dyne/cm? sound 
ressure appears at the open circuit 
terminals of the cable plug. The micro. 
phone employs ADP cry: in its con. 
struction and may be used up to tem 

tures of 160°F. Total electrical capacity js 
oe, 500uuf. Adjustment of the 
absolute sensitivity of the instrument has 
been chosen so that if the cable plug js 
connected to the input ‘terminals of a Bal. 
lantine model 310A » or its equiva. 
lent, the voltmeter becomes a calibrated 
sound pressure level indicator giving direct 
readings of sound levels from 100 db to 
221 db. If the voltmeter is used with a 
times 10 preamplifier, sound levels from 
80 db may be accurately measured.—Massa 
Laboratories, Inc., 5 Fottler Road, i 
ham, Mass.—TELE-TECH & ELECTRON 
INDUSTRIES. 


Smallest Broadband 
Coaxial Repeater 

Coaxial cables, carrying television sig- 
nals from city to city, require amplifiers 
at intervals of 5 or 10 miles. These are 
housed in boxes large enough to con- 
tain several vacuum tubes and asso- 
ciated equipment. But the advent of 
transistors promises to change this situ- 
ation. W. H. Doherty, Bell Labs., during 
his testimony in the Theatre Television 
hearing in Washington showed the FCC 
an experimental coax amplifier com- 
pressed to the almost unbelievable di- 
mensions of a metal tube \% in. in diam- 


SIGNAL AMPLIFIER IN 
— METAL CYLINDER 
| 
P 
INCOMING OUTGOING 
coax OPENING FOR COAX 
POWER LEAD 


Coax tetrode transistor amplifier is housed in 
metal tube measuring '%-in. wide and 
1, in. long. In volume this is equiva- 
lent to a stack of about four paper clips. 


eter and 1% in. long, equal in volume 
to a stack of four paper clips! 

A tetrode (4-electrode) transistor was 
used to secure the following excellent 
performance: gain 22 db; response flat 
to within 0.1 db from 0.4 MC to 11 MC. 
Coax having an outside diameter of 100 
mils can be cut at 14-mile intervals and 
one of these midget repeaters can be in- 
serted by pushing the coax into the input 
and output ends respectively of the lit- 
tle metal cylinder which houses: 4 
transistor, an input and an output trans- 
former, diode-type voltage stabilizers, 
two terminal boards, resistors, capacitors 
and provision for negative feedback! 

From an operating point some miles 
away can be fed the only power re- 
quired, 2214 v., 5 ma. This is supplied by 
a single insulated wire lying alongside 
the coax, the sheath of which forms the 
battery return circuit. The insulated 
wire enters the amplifier through 4 
small hole in the side of its tiny cylin- 
drical housing. 


SPSEREF RSP 
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New TV Station Timetable 


Geographical listing of new outlets for which ‘‘post-freeze’’ FCC grants 


the and 
ts construction permits have been issued thro F 
Pe ugh February 9, 1953 
va- State and 
ted City Letters “— on Air a Call = Channel Date 
rect iLABAMA ABA Letters No. State and Call 
i amlashan WILD-TV 48 : aor sa WKMI-TY 36 =~ in utters Ne On A 
WSGN- us 
a wee Go Se tw oS Ee 
vt — WCOV-TY 20 3/53 MINNESOTA xe Wieety Sf — 
Y ANIZOWA Dulsth KFTV wy aia : Raleigh WETV 28 4/53 
veson KVOA-TV 4 ochester KROC- ORTH DAKOTA 
Tueson KCNA-TV 9 2/33 St. Cloud WKY OY “ee Fargo WDAY-TV 6 ‘ 
ARKANSAS MississiPPt OH10 
. KFSA-T feridia Ww in WAKR-TV 49 
Lite Reek aN Ss. 6B Meridian weoe-Ty 30 : He WIFE 
Rock KETV 23 . MissouRt Lima Vina 38 3/33 
CALIFORNIA Columbia (NCE) Massillon WMAC-TV BH a 
Bakersfield KAFY-TV Festus 8 . Sandusky WLEC-TV 42 /3 
FrOne KMNiv. «6245/83 Kansas City gama me Warren wine ga? 
Las Angeles (NCE) KUSC-TV 28 3/33 st cc ¥ KSTLTY. 36 133 Ne a WrM-ty Oss 
® ngfiel N-TV 
San Bernardine §—KITO-TV i 10/53 Springteld oe 3/53 Zanesville WHIETY. 50 4/33 
Santa Barbara 3 583 OKLAHOMA 
Stockton KTVU (TV) 36 9/53 weoittings ‘ — Kswo-TV 7 3/53 
ig- J coLorano Butte Kopnty 4 ; = 
ers | Golerade Springs = KRDO-TV 13 4/53 Great Falls KFBB-TV 5 . Salem . 24 5 
are Denver xan ; Spring NEBRASKA pee > ma psa 
Pueblo CSJ-TV Linco! oona WFBG- 
n- Pueblo KDIATY 3 3/83 Lincoln we 2/53 Bethlehem WLEW.TY a ae 
50- 0 4/53 on WEEX-TV 57 Spri 
. CONNECTICUT NEVADA pew HP-TY | 23 4/5 ; 
Bridgeport WICC-TV Reno urg WTPA (TV 
fu qucey 49 2/33 NEW JERSEY Si . a onetome eae te a ° q 
ing farther (NCE ° 71 . Asbury Park WCEE-TV New Castle Weary’ 4S z ; 
ew Britain WKNB-TY 30 . Atlantic City A z Late '53 Philadelphia Wip-TV 29 2/33 
ion oe, Londen WaLETY. 26 ‘ine New Brunswick (NCE) WTLV 19 = Pittsburg WENS 16 8 ; 
CC — : . " NEW MEXICO Pittsbergh pada 47 8/33 
aterbury WATR-TV 53 Ro argh WKIF-TV 53 
hy 3/53 swell ° ‘ Z Reading WEEU-TV oan 
‘ FLORIDA Santa Fe * 4 . nton TV. = 3/33 
iP ie wy Ba htm — mes & 
: — WONN-TV ay Binghamton (WCE) wary 46 ; wo WRAK-TY 6 ° 
S St. 1 6/53 are E) WIVF 23 67 4/33 
Share WRURTY 383/33 — wir i afsp Staton 
ine sich Elmira ee ee Columbia 5 A ER 
ane ithaea (NCE) : 24 (353 Columbia WeOSsTY. 25 Spel 
) KeeMTy 9 Fall Jamestown wueu-ty 20 11/53 pie 3 . ths | 
: Fall Kingston WIJTN-TV 58 * SOUTH DAKOTA 
ULLINO LS N.Y. City (NCE) to ah $6 ¢ Sioux Falls KELO-TV =. 11 3/53 
C wrvi 54 Poughkeepsie WEOK-T TENNESSE r 
—— WHFC-TV 26 3/38 aeeutnce) wen 2 “<> Chattanooga 
Danville WDAN-TV 24 Syracuse (NCE) © WHT ; ’ Chattanooga wire 43 3/53 
Decatur WwTvP 4 12/53 atertown v 43 . att: wouc 49 f 
a Peorla é 1 7/53 WWHY-TV 48 “ Johnson City . 
WIV TV 19 A Memphis « is r: 
| in 4/53 TEXAS 
fe co fe NEW TV STATIONS on the AIR Amarilla KGNC-TV 4 3/53 
Muncie ef ef 59 5/53 State and Call Channel D actin Kery is 3/39 
va- BCTV 49 © 3/53 City ie ae Austin KIVA 18 : 
ips. By ic ALABAMA Beaumont KENT 52 . . 
Slo City wiv 36 - Mobile WKAB-TV 48 © 12/52 El Pat aa. , 
obile < aso . ; 
“a oneal KVTV 4/53 ARIZONA re Aine 1/33 cae Keul = i 433 i 
vas mintehinson ° coleman acid aay ain 2/33 — KuMT “8 5/53 
12 : * 
ont Manhattan (NCE)  KSAC-TV 8 Ps — Springs KKTY 11 12/52 peed KNUZ-T v = ‘ a ; 
fat KENTUCKY Denver iv. | 8. BS San Angelo KIXLTY 8 /53 i 
C nll weTv 59 1/33 ILLINOIS “34 San Angelo KGKL-TY 3 : : 
) Louisville WsON-Ty 50 5/53 Peoria WEEK-T om : 6 ; i 
100 WKLO-TV = 21 s doe en 1/53 yler . 
isville Ww pring INDIANA Waco 19 . i 
ni LOU-TV 41 * South KANG-TV 34 
Uivisus uth Bend WSBT-TYV 34 12/52 Wichita Falls KTVW 2 6/53 i 
oe el -t oan a | 
40 aton Ro : s KWFT- 1 
i. Meares Noe 78 6/53 “=. er ee ee VIRGINIA ae | 
it- M F 4 Charl : 
it anes KPALTY 6438/83 a WABI-TV 5 2/53 a ad 64 : i 
a WARYLAND Atlantic Clty wep ae Wwoo-Ty 16 ° : 
s- ae WITH-TY 60 ° OREGON G-TV 46 = 12/52 Reanohe WROV-TV 27 : 
rs, WFMD-TV 62 Ps Portland KPTV 27 9/52 ee j 
WASSACHUSETTS PENNSYLVANIA — KVOS-TvV 12 : 
= Fall River WSEE-TV 46 Reading WHUM-TV vasen KXtY-Tvy 4 mee 
Se = mee y 
les Springhe a-Ho WACE-TV 36 ‘ WSBA-TV 43 12/52 Yakima KIMA 5/53 i 
“Holyoke ==WWLP TEX Yaki “TY 29 3 
as Springheldcdolyoks © WHYN-TV 55 3/33 Austin KTBc-Tv 7 11/52 oui ee 13 
by of ys El Paso Ao gO a Appleton WNAM-TV 42 
ide Battle Creek WPAG-TV 20 3/53 Lubboek KDUBTY 13 Viz reat WBAY-TY 2 9/39 
he Battle Creek WECKTY 38 5/53 VIRGINIA ee Madison WkEW-tY. 27 6/53 
East Lansing WKAR-TV 60 8/53 Lynehburg WLVA-TY 13 2 Neenah WNAM 33 6/53 
ed int /53 Roanoke wi /53 Oshkosh -T¥V 42 it 
Flint wcTV 28 Sorin SLS-TV 10 12/52 WOSH-TY 48 4/5 
; i “a = 
| : ° KHQ-TV 
n- RR WAWAL! 6 12/52 Boning KFBC-TV 5 3 
SE leccceaenier adnan adiae” se KGMB-TV 9 12/52 
ial Honolulu /, Honolule 
al educational station KONA 1l=s«s2 oeaite bice KAMI 1 Early °53 
San Juai 
a WKAQ-TV 2 Late "53 


TELE-TECH & ELECTRONIC INDUSTRIES * March 1953 


WASHINGTON 
News Letter 


Latest Radio and Communications News Developments Summarized by TELE-TECH'’s Washington Bureg 


FRANK PLANS—As had already been forecast in 
this column, the FCC in its future proceedings on major 
policy determinations will not allow time-consuming 
presentations of testimony and self-serving blue-print- 
ing of plans by proponents for new communications 
and television services such as prolonged interminably 
the color television case. This new FCC procedure 
was exemplified in the theater television issue when 
the Commission ordered the motion picture industry 
to answer eight questions to give the specific plans for 
their establishment of the theater TV service. The FCC 
ordered the answers so the regulatory agency could 
decide “whether to proceed further with this hearing” 
and whether the continuance of \the proceeding with 
the rather nebulous plans of the film industry “would 
serve any useful purpose.” 


BED-ROCK FUNDAMENTALS—tThere are three 
choices for the FCC, it is regarded, for the continuance 
of its deliberations on the theater TV issue. The Com- 
mission could dismiss the motion picture industry 
petition, or continue the hearing in its present form, 
or—the most likely course—the hearing procedure 
should be recast into the delineation of its bed-rock 
fundamentals. The FCC directed the counsel for the 
motion picture industry and the film theaters to sub- 
mit their intentions on why if common carrier facilities 
like those of the Bell System were used it was not 
feasible to operate on the already allocated common 
carrier frequencies instead of sharing the industrial 
services spectrum space; under what concept the thea- 
ter TV service would be established as an industrial 
service; the extent of the frequencies sought by the thea- 
ter industry; the entire costs of the theater TV service 
so as to determine the ultimate cost of admission to the 
film theater patron; the percentage of time on a day- 
by-day basis of the proposed service; and if programs of 
only live interest will be provided over theater TV. 


SLOW APPOINTMENT—Because of the more 
urgent national and international problems, together 
with the selection of the major appointments, President 
Eisenhower had not designated the new FCC Commis- 
sioner to replace appointee Eugene H. Merrill up to 
the press deadline of Tete-Tecu. In fact there had been 
no appointments of commissioners to any of the admin- 
istrative or regulatory agencies such as the Interstate 
Commerce Commission, Federal Power Commission, 
Securities and Exchange Commission and similar gov- 
ernmental units since the selections for the higher level 


posts in the departments and agencies were being care. &, ‘ 
fully scrutinized for the best possible choices and Presi- 
dent Eisenhower has taken on the added duty of inter- 
viewing each appointee personally. Commissioner Rosel 
H. Hyde still was out in the front as the President's 
probable choice for the FCC Chairmanship, because 
of the overwhelming support from all segments 
of the communications, broadcasting-television and ] 
electronics industries. 


MAY BE DROPPED—The revocation of the grand 
jury authorization in the criminal anti-trust allega- 
tions against twenty radio-television-electronics manu- 
facturing companies which was the final official act of the 
Truman Administration’s Attorney General McGranery 
was felt to augur the dropping of the entire anti-trust 
suit even under civil litigation. Launched mainly be- 
cause of the color television controversy with implica- 
tions that some manufacturers had banded together in 
concerted action against the FCC-proposed color video 
equipment standards, the suit had been a rather definite 
deterrent in the full production by the electronics in- 
dustry for the defense mobilization program. It also 
was a hurdle for progress in the goal of public color 
television and with the litigation out of the way color 
TV can now progress rapidly. Like similar rather use- 
less anti-trust litigation the case had caused the manu- 
facturers and the Radio-Television Manufacturers As- 
sociation to make substantial expenditures of funds and 
personnel working time to compile data and reports, 
particularly on patent practices, sought by the Depart- 
ment of Justice attorneys. The Radio Corporation of 
America particularly had been called upon to furnish 
voluminous reports on its patent practices and policies, 


INDUSTRIAL RADIO GROUP—Between 1100 and” 
1200 licensees in the rapidly-growing special industrial 
mobile radio services were called upon to establish an 
organization in that field at a meeting Feb. 18-19 
at St. Louis. The association is to work to prevent 
any possible encroachment by other radio users upon 
the presently allocated frequencies for the special in- 
dustrial radio services. In addition, the newly-formed 
association plans to coordinate the assignment of 
present frequencies allocated to the service to insure 
equitable distribution and minimum interference. 


ROLAND C. DAVIES 
Washington, Editor 


National Press Building 
Washington, D. C. 
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ETAL PLASTIC ASSEMBLIES 


0 produce the intricate assemblies of metal and plastic 
9 essential in gear of all kinds, facilities include a com- 
bination of metal stamping and plastic production. A 
ighly trained staff is available for any military or com- 


mercial requirement. 


The list below comprises the products of both Cinch and Howard B. 
Jones Division. They are indicative of their wide scope and also 
indicate the myriad of variations and redesigning that are possible 
with this background of production experience. 


SOCKETS: Tube (Receiver, Transmitter and Special): Battery, 
ali types « C-R Tube « Crystal « Electrolytic « Glass Type; 4 to 7 
prong laminated « Infra-red Ray Tube « High Altitude Airborne Types 
« Kinescope; Magnal, Duodecal, Diheptal « Loktal-Miniature-Multiplug- 
Neval-Octal (Molded bakelite, steatite, teflon, Kel-F and laminated) 
* Plexicon ¢ Printed Circuit « Special Sockets to Specs « Sub-Minia- 
ture; Hearing Aid Types « TV; 110V Circuit Breakaway ¢ Vibrator « 
Pencil Tube Transistor « Diode 


ANTENNA JACKS METAL STAMPINGS 
BANANA PINS AND JACKS MICRO-CONNECTORS 
BARRIER TERMINAL STRIPS MOUNTING DEVICES 


FANNING STRIPS PHONO TIP JACKS 
del ta & SOCKETS PRINTED CIRCUIT, CONNECTORS 
geld SHIELDS, TUBE-MINIATURE & 

A E 
CONNECTORS, MULTI CONTACT iaeeke Sama 


FUSE STRIPS, BLOCKS & BOARDS ee 
“ TRA TS 
GRID CAPS ~ span lente 


et TRANSISTOR SOCKET 
HERMETICALLY SEALED TUBE TUBE HOLDERS—SPRING TYPE 
SOCKETS VIBRATOR PLUGS AND SOCKETS 


TERMINAL ASSEMBLIES: Blocks, boards in laminated and molded, as- 
Sembled with lugs, pins, screw terminals, contacts, clips, turret lugs 
and other hardware to specifications. 


AT THE IRE-NATIONAL CONVENTION: 
BOOTH No. 505 & 506 


‘ Cincy MANUFACTURING CorPoRATION ‘Sm 
Cinch 


1026 South Homan Ave.. Chicago 24, Illinois a P 
ECTRONLE ae 
CE PONENTS Ree eae Ps 
COMPO P ix 


 DORLILOLLD LATE PALLET, OO A 


at 


“— 
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OARAC Computer Solves 
Air Force Problems 


The OARAC (Office of Air Research 
Automatic Computer) is a serial, dec- 
imal, single address machine built by 
General Electric for use at Wright- 
Patterson Air Force Base for solving 
problems in aircraft design, guided mis- 
siles and ballistics. It has a magnetic 
tape input and output, and magnetic 
drum internal memory. 

The computer has a 10,000-word mem- 
ory,‘one of the largest in use. A single 
magnetic head per track is used both 
for recording and playing back. There 
are 50 sets of four parallel tracks with 
200 words on each set. A word consists 
of a 10-decimal digit number, plus sign, 
or of a two-digit operation code and 
five-digit address. The arithmetic unit 
contains a serial adder and three vac- 
uum tube storage registers. 

The control unit consists of two ad- 
dress registers, one containing the ad- 
dress of the instruction being performed, 
and other containing the address of the 
number being recorded into or played 
back from the memory. Serial addition 
time is 83 sec. Maximum access time, 
however, is 17 milliseconds and because 
this is a single address machine, it 
cannot be programmed to perform fas- 
ter than 8.5 milliseconds or 110 opera- 
tions per second. Basic repetition rate 
is 150 Kc. 

Information is fed into and out of the 
computer on magnetic tape. A piece of 
information on tape consists of a word 
plus its address in the internal memory. 
The tape preparation unit has a stand- 
ard electric typewriter. 

_ Errors due to faulty programming, or 
a single transient failure, can be detect- 


“OARAC’s” memory drum is capable of holding 
pulses representing 10,000 10-decimal numbers 
and in operation it whirls at 3500 rpm rate. 


WESCON CHAIRMANSHIPS ANNOUNCED 


Four sheaek committee chairmen for the 1953 Western Electronic Show and Convention (Aug. 29- 31) ha 
been selected. Bernard Oliver (upper left), research director of Hewlett-Packard Co., will head the paper 
committee. Wilson Pritchett, (2nd from left) will head the arrangements committee. Les Hogan (3rd from 
left) is chairman of the Hotels Committee and David Ross (extreme right) heads visitor's s 


ed by the feature of rollback built into 
the machine. At any point the program- 
mer can perform a check either by pro- 
gramming by two different methods 
and comparing results or by leading to 
some known result. If the check is sat- 
isfactory, the computer proceeds to the 
next operation; otherwise it returns to 
the preceding check point and performs 
all operations over again. This can hap- 
pen two times at any check point, the 
third time the computer gives up and 
rings an alarm. 

For all of its complexity, components 
have kept to a minimum. The main part 
of the computer, made up of most of 
the standard plug-in units, is housed 
in a single cabinet approximately 16 x 
25 x 7 ft. It contains approximately 
1,400 tubes, 1,000 plug-in turrets, and 
7,000 germanium diodes. Excluding in- 
scriber-outscriber, OARAC requires 
100 sq. ft. of floor space. Power required 
is 20 kw. 


Sound Recording Contest 


Audio Devices, Inc., manufacturers 
of Audiodiscs and Audiotape, have an- 
nounced the opening of a cash prize 
contest, with awards totaling over 
$1,000.00, for the fourteen best articles 
on the use of tape and disc recording 
in the modern radio station, TV station 
or recording studio. The following prizes 
are offered: 

One First Prize : 

Three Second Prizes ... 100.00 each 

Ten Third Prizes 50.00 each 
In addition, $25.00 will be given to the 
author of any other contest article pub- 
lished in whole or in part in Audio 
Record or any other Audio Devices 
publication. 

Entries should be addressed to: Sound 
Recording Contest Audio Devices, Inc., 
444 Madison Ave., New York 22, N. Y. 
To be eligible for the contest, entries 
must be postmarked not later than mid- 
night, May 1, 1953. 


IRE Appointments 


The Board of Directors of the IRE 
has appointed six officers and director 
for the year 1953. Haraden Pratt, tele- 
communications advisor to the Presi- 
dent, was reappointed Secretary of the 
Institute, a post he has held since 1943, 
W. R. G. Baker, vice president of 
was appointed Treasurer for the thi 
successive year. Alfred N. Goldsmith 
was appointed Editor, an office he hag 
held since the IRE was founded in 1912 
Appointed as directors for 1953 v 
Ralph D. Bennett, Naval Ordnance Lab; 
William R. Hewlett, Hewlett Packan 
Co.; and Arthur V. Loughren, 
tine Electronics Corp. 


First Commercial 
Application of Transistor 


After one year of pilot producti 
Raytheon Manufacturing Co., Wal 
Mass. now reports that it has swulg 
into large-scale production of junctié 
transistors and is presently shippig 
tens of thousands of the units ea 
month to more than 15 hearing 4 
manufacturers. These germanium 
sistors, selling to the hearing aid 
for about $8 each, are expected to 
place vacuum tubes, thereby impre 
ing performance, permitting smaller 
designs, and eliminating the expense of 
repeated battery replacements by about 
90%. The compact. junction transistors 
are only 0.035 cu. in. in volume 
weigh 0.033 oz. According to Normal 
B. Krim, Vice President and General 
Manager of Raytheon’s Receiving Tube! 
Div., since 1939 Raytheon has produced 
75% of the vacuum tubes used in heat 
ing aids. With 10,000 of its 21,000 em 
ployees (including 3,500 engineers) 1 
this division which produces transistor, 
the firm is stepping up production @ 
thousands of engineering samples 1 
other commercial and military accouns 
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NOW Avail late?! 


50 watt - 75 watt - 100 watt - 150 watt 
(25 watt available shortly) 


delivery ° 


price 


quality 


Division of 


TRU-OHM VITREOUS iM PRODUCTS “oc! Ersireervs 


ENAMELED RESISTORS : RU ’ 0 H it & Mfg., Inc. 


— A complete line ready 2800 N. Milwaukee Avenue, Chicago 18, Ili. 
for shipment! Factory: Huntington, Indiana 
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SOLVE THE PROBLEM OF 


QUEKLOADED 


SWITCHBOARDS 


| Zutehly... 
| Eacly... 
| Justa | 


WHEELER 


ISOUND POWERED | 


| Eleetie 


TELEPHONES 


Up to 12 frequently-called locations 
on this dependable intercom system 
will save your overloaded switch- 
board for urgent calls ...save both 
time and money. NO BATTERIES 
...NO OUTSIDE POWER...NOTH- 
ING TO REPLACE OR MAINTAIN. 
Free from electrical hazards. Ideal 
EMERGENCY standby. Meets many 
SPECIAL needs. Write now for full 
details. 


“ WHEELER 


CO., INC. 


-engronrermaae 


INSULATED WIRE 


HE pe 


1107 EAST AURORA STREET 
WATERBURY, CONNECTICUT 
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CUES for BROADCASTERS 


(Continued from page 87) 


it may be possible to use the audi- 
tion bus for the talk back in con- 
nection with a high gain preamplifier 
inserted between the talk back in- 
put, and the audition mixer bus. Or 
it can be used to over-ride the pro- 
gram on the normal monitoring am- 
plifier if amplifiers are at a premium. 


Checking Rectifiers 


LEO WILSON, Chief Engineer, 
WHOP, Hopkinsville, Ky. 


OSS of program time due to 

rectifier arc-back can be mini- 
mized by making~a monthly check 
of each rectifier tube and recording 
the results. A tube which is deteri- 
orating will require progressively 
higher voltage for breakdown and 
will fire later in the conducting 
half-cycle. A simple test circuit can 
check each rectifier tube. 

An isolation transformer, and a 
variable auto transformer, which 
will give an output adjustable from 
0 to 75 v., are needed. Connect a 
voltmeter across this winding. In 
series with this winding, connect a 
50 ohm current-limiting resistor, a 
50 ma. de meter, and the tube to be 
tested. To test the tube, slowly in- 
crease the applied voltage from zero 
to the point where de current just 
begins to flow. The peak value of 
the RMS voltage read by the volt- 
meter at this point is the initial 
breakdown voltage. The peak 
breakdown voltage for a good tube 
will average 10 to 15v. When the 


ISOLATION oc 


a 


peak breakdown voltage reaches 3) 
v., the tube should be tested at 
more frequent intervals..A value of 
50 v. will generally indicate that it 
should be replaced. 


Reel Identification 


ERWIN P. SCHOENY, Chief Engi- 
neer, WGBF-WMLL. Evansville, Ind, 


ECENTLY at WGBF-WMLL we 

purchased the large hub type of 
recording tape. Having several 
dozen reels of the small diameter 
tape in use, we were faced with the 
problem of keeping the two types 
of tape separated. 

We solved this problem by mark- 
ing the newer reels. This was ac- 
complished by painting a red stripe 
on each of the spokes on both sides 
of the reel. We used red nail polish, 
diluted to the proper consistency for 
easy application with nail polish re- 
mover. 

We carry one of each size take- 
up reel with the equipment and 
personnel are instructed to match 
the supply and take-up reel as to 
color of spokes, thus avoiding inter- 
mixing of tapes. 


Tape delay system allowing fifteen minute delay on a two-hour program, designed 
by William McDonald, Chief Engineer, CKRM, Regina, Saskatchewan, Canada. 
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here are the 


30 BEST SELLING RECORDS 


OF 1952° 


29 of them used 


Made from 


Audiodisc 
Record, Artist & Label Master 
BLUE TANGO (Leroy Anderson—Deccea).........++0+¢ 
WHEEL OF FORTUNE (Kay Starr—Capitol)............. 
CRY (Johnnie Ray—Okeh)......ccccccccccccecceseees 
YOU BELONG TO ME (Jo Stafford—Columbia).......... 


AUF WIEDERSEH'N, SWEETHEART (Vera Lynn—London).. 
1 WENT TO YOUR WEDDING (Patti Page—Mercury)...... 


WISH YOU WERE HERE (Eddie Fisher— 
Hugo Winterhalter—Victor) ......-..seeeeeeeeeees 


HERE IN MY HEART (Al Martino—BBS)............+++- 
DELICADO (Percy Faith—Columbia)............+++0+5 
KISS OF FIRE (Georgia Gibbs—Mercury)...........++-- 
ANY TIME (Eddie Fisher—Hugo Winterhalter—Victor). 
TELL ME WHY (Four Aces—Decca).........seeeseeeeee 
BLACKSMITH BLUES (Ella Mae Morse—Capitol)........ 
JAMBALAYA (Jo Stafford—Columbia)..........+.--0005 
BOTCH-A-ME (Rosemary Clooney—Columbia)........... 
GUY IS A GUY (Doris Day—Columbia)..........--0005 
LITTLE WHITE CLOUD THAT CRIED (Johnnie Ray—Okeh). 
HIGH NOON (Frankie Laine—Columbia)..........-00+ 
I'M YOURS (Eddie Fisher—Hugo Winterhalter—Victor) 
GLOW WORM (Mills Brothers—Decca)..........seeee0% 
IT’S IN THE BOOK (Johnny Standley—Capitol)......... 
SLOW POKE (Pee Wee King—Victor)...........eee0e0s 
WALKIN’ MY BABY BACK HOME (Johnnie Ray—Columbia) 
MEET MR. CALLAGHAN (Les Paul—Capitol)...........-+ 
VM YOURS (Don Cornell—Coral)..... 0... ceeeeeecweee 
LL WALK ALONE (Don Cornell—Coral)..........-+000- 
TELL ME WHY (EddieFisher—Hugo Winterhalter—Victor) 
TRYING (Hilltoppers—Dot).........cccceccenerecceecs 
PLEASE, MR. SUN (Johnnie Ray—Columbia)........... 


TELE TEL ERE TTT TL ETT ETE TETTL TEV 


* According to Retail Sales, as listed in THE BILLBOARD. 
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. .. and over 43% used 
audiotape’ for the original sound! 


Like Audiodiscs and Audiotape, this record speaks 
for itself. 


Of the thirty top hit records of the year, all but 
one were made from Audiodisc masters! And that 
one — a London Record — was made abroad. 


It is significant, too, that the original recordings 
for over 43 per cent of these records were first made 
on Audiotape, then transferred to the master discs. 
This marks a growing trend toward the use of 
Audiotape for the original sound in the manufac- 
ture of fine phonograph records. 


Yes — Audiodiscs and Audiotape are truly a 
record-making combination—in a field where there 
can be no compromise with Quality! 

t Trade Mark 


AUDIO DEVICES, INC. 


444 MADISON AVE., NEW YORK 22, N. ¥ 
Export Dept.: 13 East 40th St., New York 16, N. ¥, Cables ‘*ARLAB’’ 


. udiodiscs are manufactured 4 the U.S.A. under exclusive licenge, fr YRAL, S.A.R.L., Paris, , ‘ 
audiodises ° audiotape © audiohim audiopoints 


RADIO-ELECTRONICS ¢ 
A Preview of Progress © 
1.R.E. CONVENTION © 


WALDDRF-ASTORIA\HOTEL 
GRAND CENTRAL PALACE 
INEW YORK CITY 


MARCH 23-26 1953 


Come again= 
Television Men! 


Welcome to the Radio Engineer- 
ing Show — 


March 23-26, 1953 
at New York City 


19 IRE Professional Groups have 
prepared skillfully organized sym- 
posia and technical sessions on all 
phases of radio, TV, and electron- 
ics. These papers will keep you 
up-to-the-minute on the develop- 
ments which are to come in the 
next few years—for the IRE Con- 
vention Theme is: 


Radio-Electronics 
“A Preview of Progress” 


The colorful Annual Meeting on 
Monday at 10 (opening morn- 
ing) will feature the “Founders’ 
Award”. Social Events include the 
“Get Together Cocktail Party” 
Monday, and the Annual Ban- — 
quet Wednesday, all at the Wal- 
dorf Astoria Hotel. 


405 Exhibitors are using 58,680 
square feet—the entire four floors 
of Grand Central Palace, to give 
you a “Preview of Progress” in 
the apparatus, components and 
instruments of Radio-Electronics. 
Registration: IRE Members $1.00, 
Non-Members $3.00. Register at 
Grand Central Palace, 47th & 
Lexington Avenue, or The Waldorf 
Astoria Hotel, 49th & Lexington 
Avenue, New York City. 


THE INSTITUTE OF 
RADIO ENGINEERS 


RNR NMR 


Tube Reliability 


(Continued from page 79) 

Resonant excitation of the grid 

structure as a whole, or of parts of a 
grid, may take place with either 
filamentary or cathode-type tubes. 
The frequency of these resonant 
modes for the grids of subminiature 
tubes goes from a few thousand cy- 
cles per second on into the super- 
sonic range. Reduction of the 
troublesome electrical output can be 
obtained by raising the resonant 
frequency of the grid or by increas- 
ing the mechanical damping. Fortu- 
nately we gain in two ways by rais- 
ing the resonant frequency; the 
amplitude of vibration, and conse- 
quently the electrical output, is re- 
duced. for the same excitation, and 
at the same time the frequency is 
shifting to a less objectionable por- 
tion of the spectrum for many 
applications. 
, Resonant excitation of the fila- 
mentary cathode is more pronounced 
than for the indirectly heated cath- 
ode. In the exchange, however, we 
have lost the vexing problem of ade- 
quate anchorage of the cathode to 
the mica without excessive heat loss. 
As with the grid structure, the best 
methods of reducing the resonant 
motion of the filament are by in- 
creased damping and higher reso- 
nant frequency. In the early days of 
filamentary tubes the recourse to 
high frequency resonance of the 
filament was not available because 
of the use of filaments having 
inherently low strength. With the 
successful production of many mil- 
lions of subminiature tubes with 
oxide coated tungsten filaments, this 
limitation no longer exists. It is per- 
fectly feasible with high production 
tubes such as the CK534AX and 
CK549DX to achieve filament reso- 
nant frequencies of 8,000 cps and 
higher. 

With forced vibration, such as the 
bending or flexing of the grid or 
filament at frequencies below reso- 
nance, the indicated corrective 
measures are adequate anchorage to 
the mica spacers and raising of the 
resonant frequency. As was noted 
previously, when a tube element is 
subjected to acceleration the result- 
ing deflection is proportional to the 


fourth power of the length. This 


statement can be made even more 
general by saying that the resulting 
deflection, or the amplitude of the 
forced vibration, will be directly 
proportional to the acceleration and 
inversely proportional to the square 
of the resonant frequency. This is 
true regardless of whether the fre- 
quency is determined by the stiff- 
ness of the member itself, as with a 


grid, or by applied tension as with 
the filament. The constant of propor. 
tionality will, however, vary with 
the constraints. c 

Next to reduction of relative mo- 
tion, the controlling factor in the re- 
duction of vibration output is sym- 
metry. Consider a tube with perfect 
symmetry with respect to the plane 
through the grid side-rods. The 
plate current to the right of this 
plane would be the same as the plate 
current to the left. If now, under 
conditions of vibration, the grid 
moves to the right with respect to 
the cathode, the grid-cathode spac- 
ing will increase for the right-hand 
side of the structure and the plate 
current to this side will ordinarily 
decrease. Simultaneously for the 
left-hand side of the structure the 
grid-cathode spacing will decrease 
and the plate current will increase. 
If the changes in the two halves of 
the plate current were exactly 
equal, the total plate current would 
be unchanged and hence the vibra- 
tion output would be zero. The situ- 
ation is the same as that of two 
identical vacuum tubes in a circuit 
with push-pull input and parallel 
output. In such a circuit, with a sig- 
nal applied to the grids, if the two 
tubes had identical characteristics 
the fundamental and odd harmonic 
components of plate current would 
be zero. The output would be com- 
posed entirely of the even harmonic 
components introduced by the non- 
linearity of the individual tubes. As 
the two tubes become unbalanced, 
corresponding to lack of symmetry 
in our vibration case, the funda- 
mental component of plate current 
would soon become larger than all 
the harmonics. A like situation ex- 
ists in our tube when vibrating, with 
symmetry between the two halves, 
the vibration output is very small 
and is made up entirely of even 
harmonics of the vibrating fre- 
quency. As we depart from sym- 
metry the cancellation becomes less 
effective and the electrical output at 
fundamental vibrating frequency 
soon predominates. Through _ this 
mechanism, symmetry with respect 
to the central plane plays an impor- 
tant part in determining the magni- 
tude of the vibration output of a 
tube whether vibrated at the reso- 
nant frequency of an electrode or 
under forced conditions below the 
resonant frequency of any of the 
elements. 

For many years filamentary sub- 
miniature tubes were made with 
nickel filaments. For the past ten 
years, the trend has been toward the 
use of tungsten filaments so that 
now practically all the subminia- 

(Continued on page 114) 
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Typical Model 2 Radiohm control — 
only 15/16” dia., rated at * watt. Three 
a 


basic switch ratings available 5, 8 and 
1 amp, plus 8 switch combinations for 
real flexibility in application and de- 
sign. Check No. 42-85 in coupon for 
more data, 


Model 1 Radioh ini e control, 
tated 1/10 watt — plain and switch 
types. World’s smallest volume control ! 
Ideal for hearing aids, other miniature 
uses. New high-torque control now 
available — stands vibration to 3.0 
ounce-inches. Check No. 42-158. 


Newly announced Compentrol combines 
volume control and Printed Electronic 
Circuit. Equalizes bass and treble re- 
sponse at low volume. Furhished in Y, 
or 1 meg—plain or switch types. Chec 
No, 42-182 in coupon for more details. 
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Centralab Model 2 EXPRESS keeps you 


ahead on AM-FM-TV 


Quick delivery plus these 
features make the Model 2 Express 


the control for you!. 


@ resistance range: 14 megohm @ bushing: 44” long from mount- 


and 1 megohm + 30% ing surface. #4” 32 NEF thd. 

@ taper: Audio, Centralab C2 @ switch: Single-pole, single- 

@ wattage rating: 14 watt throw, rated 5 amps at 125 

®@ voltage rating: Tested to with- volts a-c. UNDERWRITERS 
stand 1000 volts rms APPROVED. 

@ marking: Control stamped with @ how to order: Specify Centralab 
Centralab part number, resist- Express radiohm, maximum re- 
ance and taper; shaft stamped sistance desired (either 14 or 
with shaft number (Except 1 meg.) shaft length desired by 
Number 1) number and/or length FMS. 

Specify quantity. 


You can always count on Centralab’'s wide 
variety of standard and custom controls to meet 
commercial and government requirements 


ENTRALAB’S newest — the Model 2 Express — is ideal for the manu- 

facturer needing controls on extremely short notice. Unique time-saving 
feature simplifies shaft assembly requirements — control shaft fits all standard 
RTMA split-knurled and certain spring-type push-in knobs. 

Shafts and controls are carried in stock at our plant. When your order is 
received, desired shafts are staked directly to controls. Control assembly 
arrives in your plant in just a few days! To help ig Centralab will even 
tell you approximate delivery sme in hours, from the date your order is received. 

The new Express is available in two values: 14 megohm and 1 megohm, 
audio taper (C2) with SPST a-c line switch. These two values meet 75% of 
requirements for switch-type controls. Flat shafts are stocked separately in 
14 lengths ranging from 74” from mounting surface to 214” fms in incre- 
ments of 14”. For complete details check No, 42-163 in coupon. 


Cen 


Other famous Centralab plain or 
switch-type controls — standard 


A Division of Globe-Union Inc. 
Milwaukee 1, Wis. 


In Canada, 635 Queen Street East, Toronto, Ontario 


or custom designs — with plain 
or dual concentric shafts are 
shown at left. Sher meet today’s 
demand for smaller size, extra 

uality. Check coupon for more 
details. Manufacturer’s samples 
on all controls on request. 


CENTRALAB Div. Globe-Union Inc. 

938 East Keefe Avenue, Milwaukee 1) Wisconsin 

OC] No. 42-85; [ 42-158; [ 42-182; [] 42-163. Please send the 
bulletins I’ve checked. [] I'd also like a copy of Centralab’s new 
Catalog No. 28, listing more than 470 mew items for the fast-chang- 
ing electronic field. 


MILITARY TYPES. If you use ING go Position 
types RV2A or RV2B, Model 2 . 
variable resistors on your next TS Oat ae ROR SOE aE NEN 9, Dat Maw een M EE eee Seen 


military order — there's no con- 

tractual approval or waiver re- 
uired. They meet JAN-R-94, 
Characheristie U requirements. 


NN i a oo i alesse cnligliaal taaceiahe snglcanaoeealiemaneee eae 
City Zone State. 


SERIES HV 


A ceramic 


= * 
474 


Tiny, yet so mighty, in guarding against voltage 
breakdowns. Yes, special dielectric materials 
developed by ceramic pioneer-specialists 

do safeguard your circuitry, associated 
components, operational conditions, reputation. 


The Hi-Q Series HV line includes extra-severe- 
service slug type ceramic capacitors in ratings 
up to 20,000-V. D. C. W.; disks up to 6,800; 
tubulars to 7,000; and high-voltage plates 
where cubical configuration permits greater 
space utilization. 


a 
“\ A /, 
FUNCTION 


2K FUNCTION-FITTED: 
Ourgpengineers will gladly work with you 
in evoWing the best engineering and economical 
solution of your ceramic-capacitor problem. 
Literature on request. 


FITTED 


AEROVOX CORPORATION 
a OLEAN, N.Y. 


‘DIVISION 


tures are using the oxide coated 
tungsten filament. The increased 
strength of the tungsten permits 
much higher filament tension to be 
used. This results in much higher 
resonant frequencies with the con- 
sequent reduction in microphonic 
output. The modern subminiature 
also uses shorter filaments and im- 
proved methods of controlling sym- 
metry. All these factors contribute 
to the tremendous improvement 
that has taken place in the filamen- 
tary subminiature within the past 
few years. The over-all result is | 
that several of the filamentary sub- 
miniatures now compare favorably 
with the cathode-type tubes. For 
example, when vibrated at 40 cps 
with an acceleration of 15 times 
gravity, tube types CK534AX and 
CK549DX give an output equivalent 
to a signal of only 200 uv at the grid. 


Life Test Data 


The performance of the filamen- 
tary subminiature on life test is well 
worth consideration. At Raytheon 
we have accumulated data on more 
than 27,000 filamentary subminia- 
tures which were life-tested for pe- 
riods ranging from 500 hours to 10,- 
000 hours. Most of these tubes were 
operated for 500 hours and over 2,500 
tubes were carried beyond 10,000 
hours. To simplify the analysis the 
rejects have been arranged in three 
groups: glass failures, mechanical 
failures, and characteristic failures. 


The results are shown in Tables I 
and II. Table I is the result of life 
tests on 27,260 tubes representing 
13,500,000 hours of satisfactory op- 
eration. Table II represents 27,000 
tubes carried to 500 hours, with some 
to 10,000 hours, totaling 47,000,000 
tube hours of satisfactory operation. 


This performance record, showing 
more than 50,000 hours of satisfac- 
tory operation for each failure 
shows that we already have a rather 
high degree of reliability with fila- 
mentary subminiature tubes as they 
are today. These tests were made, 
of course, under controlled operat- 
ing conditions and limited environ- 
ment. Normal voltages were main- 
tained at all times, the ambient tem- 
perature covered the ordinary range 
of room temperature, neither shock 
nor vibration influenced the results. 
The scoring was carried out with re- 
spect to the particular performance 
for which the tube was intended, 
namely: voltage gain and power out- 
put with freedom from gas and 
leakage under normal operating 
conditions. 


The electric motor is often cited 
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tainly deserves this reputation when 
operated under appropriate condi- 
tions. Many motors are equipped 
with “thermal overload devices to 
prevent sustained operation under 
improper conditions. We would 
hardly expect a motor to provide 
reliable operation under conditions 
of improper ventilation, overloading, 
and in particular operation at re- 
duced line voltaze while delivering 
full load. 

Likewise with the vacuum tube, 
either filamentary or cathode-type, 
in order to obtain maximum relia- 
bility it is imperative that it be given 
the advantage of appropriate envi- 
ronment and electrical operating 
conditions. The life test record 
shows that the filamentary subminia- 
ture tubes of today provide reliabil- 
ity when given appropriate environ- 
ment and electrical operating con- 
ditions. These tubes were handled 
many times in removal from the 
racks for repeated testing during 
the life test period. The filamen- 
tary subminiature tubes are notable 
for their ability to withstand severe 
shock. Surprisingly few changes 
were required to enable them to op- 
erate satisfactorily after undergoing 
an acceleration of 20,000 times 
gravity in the proximity fuse. 


Future Problem 


The problem for the future is to 
retain the reliability we now have 
and still meet additional require- 
ments imposed by operation under 
conditions of shock, vibration, high 
ambient temperature, and abnormal 
electrical conditions. The solution to 
this problem will require progres- 
sive changes in tube design, mate- 
rials, and processing. At the same 
time abnormal electrical operating 
conditions must either be avoided or 
the tube must be processed and 
tested with the abnormal condition 
in mind. Tubes are being improved 
constantly, particularly with respect 
to their ability to perform under 
conditions of severe vibration. In the 
meantime, for applications where 
either the environment or the oper- 
ating conditions are unfavorable to 
the tubes as they are now made, a 
closer relationship between the user 
and the maker of tubes cam be of 
utmost importance. Reliability can 
be best realized through the coop- 
erative efforts of the tube design, 
procéss, and circuit engineers. The 
reliability of a system requires the 
proper tube for the application and 
the proper application for the tube. 


This paper was first presented at the Na- 
tional Electronics Conference held in Chi- 
cago. Sept. 29-Oct. 1, 1952. 


as an example of reliability. It cer- 
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Made under Wes Weettement, these deposited- 
. 620 pets ° 
carbon resistors Seraaeamm spdratory-grade instruments 
in vy a2, 3 < ~y . 
and assemblies. For ‘SoQ@4@memmerepHity under the most adverse 


operating conditions, Carbéfitm resistors are now available in 
hermetically-sealed metal casings with glass-to-metal end seals. 
Thoroughly protected — mechanically, electrically, climatically. 
Guaranteed tolerance of plus/ 
minus 1%. Available in 14, 1 and 
2 watt sizes. Just about everything 
a precision resistor should be! 


Also in the coated (special resin 
film seal) type for accuracy, 
stability, economy. Guaranteed 
tolerance of plus/minus 1%. 
Excellent characteristics. 144, 1 and 
2 watt sizes. 


into 


Carbofilm resistors, in both hermetically-sealed and coated types, are 
available in standard values as well as special values made to your 
requirements. Literature on request. Let us quote on your precision 
resistance needs. 


AEROVOX co RPORATION 


2882 Detroit Avenve, CLEVELAND, OHIO 


Snot Machlett Contribution Toward Better, 


More Reliable Tubes for Industrial Service 


ML-6257 is the latest addition to Machlett’s 
line of tubes specially designed and processed RATINGS AND CHARACTERISTICS 
for use in electronic heating equipment. It ful- 


Electrical Data—General 
fills a long standing requirement for a long life 


Filament voltage..............cssesceeeees 12.6 Volts 
tube which can safely provide 3 kw of heater Filament current................:cssese000 27 Amps 
output with reliability and economy. Amplification Factor .................... 21 

ML-6257—with its companion tubes ML-6256 Interelectrode Capacitances: 
and ML-6258—makes available design and per- NSAI sisson Shicicaciiccacetsaleriecton 20 uuf 
formance characteristics which provide a higher Grid-Filament ...........:sssssessssseee 22 uuf 
standard of value for all applications—including Plate-Filament .................:sss0000 0.7 uuf 
AM, FM & TV broadcasting. f ; 

ML-6257 is rated 5 kw plate dissipation with pu er spectag tad 

ey down conditions per tube 

cooling provided through an integral anode without inodulation) 
water jacket. Type ML-6256 with the same rat- D-C Plate Voltage .......cssssssscsssesse: 5500 Volts 
ings uses the Machlett automatic seal water D-C Grid Voltage ............c:csscseseese: —1500 Volts 
jacket. Type ML-6258 designed for forced-air DC) Plate Carre os... vccssictiens. 1.5 Amps 
cooling is rated at 3 kw plate dissipation. DC Grid Current ..c.....005..c0cces0005 .22 Amp 

Phone, wire:or write for more information— TU II oisieckacscbansveslicireciiecens 7kW 

Plate Dissipation ...........0....:c:000+ 5 kW 


Machlett Field Engineers will be glad to assist 
in any tube application problem. 


Machlett Industrial and Broadcast Tubes will be exhibited 
at the 1953 I.R.E. Show, Booths 1- 116 and 1-117 


SO. VY EARS: OF 


ELECTRON TUBE EX PERTENCE 


MACHLETT LABORATORIES, INC., SPRINGDALE, CONNECTICUT 
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HV Supply 
(Continued from page 96) 


justment is restricted to the primary 
tank circuit. 

Fig. 6 shows the output character- 
istic for several different coefficients 
of coupling, including critical coup- 
ling. The de output characteristic for 
critical coupling corresponds to the 
curve labeled K,=0.03. The other 
values of coupling in this plot are 
greater than K,. Oscillator plate cur- 
rent is plotted to indicate the over- 
all efficiency of the system as the 
parameter of coupling is varied. 
Examination of Fig. 6 shows that ef- 
ficiency increases with increased 
coefficient of coupling, but the maxi- 
mum dc output voltage shows little 
increase for K greater than 0.17. 
From the curves in Fig. 6, we are 
able to choose the optimum coup- 
ling for a particular value of Lp,, 
and L,,,. Since the maximum out- 
put obtained is approximately equal 
for all values of K from 0.08 to 0.22, 
we can choose the output charac- 
teristic which is the most efficient 
and has the most desirable shape. 

The maximum dc voltage output 
obtained at a coefficient of coupling 
greater than K,=90.03 corresponds 
to the lower-frequency resonant 
peak of an overcoupled circuit. This 
resonant peak occurs at a frequency 
below f,, where f, is the resonant 
frequency of the secondary circuit 
in isolation. Operation at the lower- 
frequency resonant peak is more de- 
sirable than at the higher-frequency 
peak. This has been pointed out by 
several others who have investigated 
r-f type power supplies. ?:? 


Output Characteristics 


The output characteristics in 
Figs. 4, 5, and 6 show some marked 
discontinuities which should not be 
confused with double-resonant phe- 
nomena of over-coupled circuits. As 
a matter of fact, the sharp dips in the 
curves are a function of the resonant 
frequency of the primary and har- 
monics present in the oscillator. For 
example, in Fig. 5, the first dip, at 
Cp,; = 900 uuf, is due to the presence 
of the second harmonic and at 
Cp,; = 300 uuf is due to the presence 
of the third harmonic. For these 
values of primary capacitance the 
primary tank is tuned to a frequency 
2x f, and 3 x f,, respectively, in 
the absence of the secondary circuit. 
Since the tickler coil is coupled 
closely to the secondary the r-f 
oscillation frequency is very nearly 
f, (the resonant frequency circuit). 
However, there is some coupling be- 
(Continued on page 118) 


Visrrinc TRE ? 


for something really new, see these... 


e high-speed magnetic tape handler 
e high-speed “teledeltos” digital recorder. 


® plug-in 
e four all-new, frequency-time counters 
® multiple sequence pre-determined counters 


© photo-electric detectors 
@ high resolution 8-mc chronograph 


let's talk about your application! 


Let Potter experts analyze and simplify 
your work in any phase of counting, 
timing, frequency measurement, data 
handling or control. In a very few min- 
utes of your time, we can show you how 
a standard, low-cost, time-saving Potter 
Instrument can be applied in your work 
program. Why not consult us? 


Write for our.catalog covering operating 
principles and typical applications. 
There is a Potter Instrument ideally 
suited to your needs. ADDRESS DEPT. 3-J 


115 CUTTER MILL ROAD GREAT NECK, NEW YORK 
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Bo 
BOP Bias: 


DEPENDABLE COMPONENTS INSURE QUALITY PRODUCTS 


tween the primary tank and the tick- 

ler coil. Consequently, when the 
value of Cp,,; is such that Lp,, and 
Cp,; tune to a frequency 2 x f,, the 
r-f voltage developed across the pri- 
mary is predominantly at this higher 
frequency. This is similar to a class- 
C amplifier tuned to operate as a 
harmonic generator. Since the sec- 
ondary tank is tuned to f, and is 
very selective, the output from the 
secondary is reduced at the points 
where the primary tank is resonant 
to a harmonic. Therefore, dips in the 
de voltage output occur, correspond- 
ing to the second and third har- 
monics of f,. When the primary is 
tuned to 2f,, an oscilloscope con- 
nected across the primary tank 
shows the magnitude of the second- 
harmonic voltage is greater than the 
voltage of the fundamental fre- 
quency. This is explainable from a 


viewpoint of a frequency-selective 
load. 


Farther Investigation 


Further investigation of these dips 
in de output was made by driving 
the r-f circuit of the power supply as 
a class-C amplifier from a separate 
class-C oscillator. This was done by 
disconnecting the tickler coil and 
introducing r-f directly to the grids 
of the type 815 tube and an adjust- 
able bias arranged to similate 
normal operation of the oscillator. 
Output characteristics then were ob- 
tained by tuning Cp,, for maximum 
output after making small changes 
in the driving frequency. The out- 
put characteristics of the power 
supply were found to be quite simi- 
lar, including second and third har- 
monic dips, to those obtained with 
the r-f circuit connected normally. 


An oscillator which obtains feed- 


- back voltage from the primary tank 


instead of the secondary can produce 
poor power-supply starting charac- 
teristics. This is due to a tendency 
for oscillations to build up at a fre- 
quency determined by the primary 
tank constants alone. When this 
occurs secondary loading is negli- 
gible and so is secondary output. To 
avoid this difficulty, the tickler coil 
must be coupled much more tightly 
to the secondary than to the pri- 
mary. The oscillator grid-bias resis- 
tor should be kept small so that only 
the secondary tank circuit can pro- 
vide sufficient feedback voltage to 
sustain oscillation. 

1. R. S. Mautner and O Schade, ‘‘Tele- 


es 
vision High Voltage R-F Supplies,”’ RCA Re- 
view, vol. VIII, no. 1, p. 43. 


. G. W. C. Mathers, “Some Additions to 
the Theory of Radio-Frequency High Voltage 
Supplies,” Proc. IRE, vol. 37, no. 2, p. 199. 
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The Kyle Automatic Oil Cir- 
cuit Recloser utilizes stringers 
made of Phenolite tubing, anda 


k postformed Phenolite contact 

lé frame. Kyle selected Phenolite 
N) because it is a superior insulat- 

ie ing material with great me- 

- chanical strength and is unaf- 

a fected by oil. 
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National Laminated Plastics 
nationally known—nationally accepted 


may ae 


contributes to an improved product— 
in the Kyle Automatic Oil Circuit Recloser 


This practical use of Phenolite by the Kyle Products Plant of the 
Line Material Company is typical of its countless applications 
in the electrical field. Phenolite, about one-half the weight of alum- 
inum, is the perfect insulating material for high and low voltage 
applications. It possesses an unusual combination of properties. 
Phenolite has great mechanical strength and high resistance to mois- 
ture; ready machinability; is unaffected by solvents and oils. 

It can be easily punched, sawed and sheared. The toughness and 
high impact strength of cloth base Phenolite sheet make it suitable for 
gears; it is one of the strongest materials per unit weight known. 

Available in various grades and colors; and in sheets, rods, tubes 
and special shapes. Write for detailed literature and engineering 
information— 


NATIONAL VULCANIZED FIBRE CO. 


Wilmington Delaware 


Offices in 


Principal Cities 


Since 1873 


ANALOG CORRELATOR 


(Continued from page 72) 


turn will trigger stage 2. Resetting 
of stage 4 by the fifth pulse will trig- 
ger stage 0 and the cycle will be re- 
peated. 

The output from each stage as it is 
reset triggers a blocking oscillator 
in each channel which provides the 
sampling pulse output for that 
channel. 

B. Sampling Circuit: The sampling 
circuit® is designed to sample the in- 
put signal accurately during a 0.2 
usec period and to store the result- 
ing value for 5000 usec with less than 
1% decay. This has been achieved by 
the circuit of Fig. 6. 

The grid of the sampling tube 
(both sections of a type 5687 in 
parallel) is held cut off except dur- 
ing the occurrence of the 0.2-usec 
sampling pulse, when the grid is 
driven positive. During this period 
the resistance offered by the tube is 
low enough to allow the cathode fol- 
lower to charge the sampling capaci- 
tor to the voltage of the input signal. 
The sampling capacitor is charged 
through a 6AL5 diode because it has 
been found that this arrangement 
greatly reduces the leakage of the 
sampling capacitor to ground. The 


Fig. 7: (A) Basic RC integrator circuit and 
(B) integrator with amp and summing circuit 


major factor responsible for this re- 
duction is the larger cathode to 
heater resistance of the 6AL5 com- 
pared with the 5687. 

To preserve the sample voltage it 
is necessary to charge a larger stor- 
age capacitor by means of a pulse 
stretching circuit. Two cathode fol- 
lowers in cascade are necessary in 
the pulse stretching circuit to pre- 
vent grid current flow from dis- 
-charging the sampling capacitor. The 
resulting circuit then meets the re- 
quired storage time specifications. 

After the sample value has been 
used by the multiplying circuits, it is 
necessary to discharge the capacitors 
to prepare for obtaining the next 


sample. This is accomplished by con- 
necting the ungrounded side of each 
capacitor to the plate of one section 
of a 12AU7 triode. The grids of these 
discharge tubes are held cut off ex- 
cept when it is desired to discharge 
the sampler. Then the grids are 
driven positive by a pulse for 30 usec 
and the capacitors discharge through 
the low tube resistance to ground. 
The grids of the discharge tubes are 
then cut off and the circuit is ready 
to obtain the next sample. 

C. Multiplier: Multiplication is 


Fig. 8: Autocorrelation functions of 6D4 gas 
tube noise passed through low-pass RC filter 


performed in each B-channel by 
modulating the amplitude of a rec- 
tangular pulse in proportion to the 
value of the A-channel sample, while 
the width of the pulse is modulated 
in proportion to the B-channel sam- 
ple. The area of the pulse is then pro- 
portional to the product of the sam- 
ple values plus, a constant which is 
later subtracted. Integration of these 
pulses provides an output voltage 
proportional to the value of the de- 
sired point of the correlation func- 
tion. 

D. Integrator: A bootstrap type 


integrator circuit was developed to. 


provide the long-time constant, free- 
dom from drift and wide bandwidth 
necessary for accurate operation of 
this correlator. The theory of opera- 
tion of this circuit is discussed in 
reference 6 where it is shown that if 
an amplifier having a gain K of 
nearly unity is supplied across the 
resistor of an RC integrating circuit, 
the resultant time constant is ap- 
proximately RC/(1-K). 

The operation of this circuit can be 
explained briefly as follows: The 
simple RC circuit of Fig. 7(A) would 
function as an integrator if its time 
constant could be made long enough. 
This cannot be done in practice since 
for accurate correlation a time con- 
stant of at least 200 seconds is re- 
quired, whereas the maximum RC 
product realizable economically is 
about five seconds. The effect of hav- 
ing too small a time constant can be 
thought of in the following manner: 
As positive pulses are integrated, the 
voltage across the capacitor increases 
and effectively subtracts from the 
true voltage of ‘the pulses. In addi- 
tion, as the voltage across the capaci- 


1B) 
Fig. 9: Autocorrelations of (A) male and (8) 


female speech covering high frequency compo- 
nents show same general shape for same voice 


tor increases the capacitor tends to 
discharge through the resistor R and 
the source resistance. These effects 
could be removed if the voltage level 
of the pulses at the input terminal of 
the integrator could be raised by the 
same amount as the output voltage 
across the capacitor. Then the effec- 
tive voltage across resistor R would 
be the voltage of the input pulses, 
as it should be. This can be done with 
a unity gain amplifier and a sum- 
ming circuit as indicated in Fig. 
7(B). Since pulses are being inte- 
grated this summing can be effec- 
tively accomplished by using a diode 
clamping circuit. The RC time con- 
stant is entirely adequate to inte- 
grate accurately one individual pulse 
which averages only 200 microsec- 
onds in length. When the pulse ends, 
the clamping circuit makes E, equal 
to E,. This raises the input voltage 
level by the required amount. 


Unity Gain Amplifier 


The unity gain amplifier is realized 
by comparing E, and E, and using 
the difference as the input to a high 
gain, direct-coupled amplifier. The — 
output of the amplifier is connected — 
with the proper polarity to reduce © 
this difference. This arrangement is | 
equivalent to a high gain amplifier ~ 
with unity-negative feedback. The ~ 
resultant circuit has a gain of nearly ~ 
unity when K is large. In this cor- 
relator an RC product of approxi- ~ 
mately 1 megohm times 1 uf is em- ~ 
ployed together with an amplifier © 
gain of about 0.995 providing an ~ 


overall time constant of 200 seconds. © 


It should be noted that this circuit — 
is much less subject to drift than the ~ 
conventional means of multiplying 
RC products with a Miller integra- 
tor. The reason is that the Miller 
circuit requires a high gain direct- 
coupled amplifier which does not 
have direct-coupled negative feed- 

(Continued on page 123) 
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1 engineering, design and workmanship which has characterized G-R monitormg 


ment since the beginning of broadcasting. 
FEATURES 


Continuous indication of percentage modulation 
y deviation of aural and visual trans- 
lers—large illuminated meter scales permit 
ata glance 
High Stability 
Visual Monitor — +500 cycles 
Aural Monitor — +1000 cycles 
all VHF channels, the above accuracy is guar- 
eed for at least thirty days — at the lower UHF 
cies (channel 14), the period is over sixteen 
—on channel 83, the period is ten days or 


e 
High-fidelity audio cutput for distortion and 
e-level measurements, and for audio monitoring 
yesidual noise level is down 65 db or better for 25 
Overmodulation alarm for aural transmitter — 
bflashes when modulation exceeds predetermined 
ul set by dial 
sitivity for both Aural and Visual inputs 
igh Impedance Input (VHF) — 1 volt or better 
mw Impedance ( UHF) — 500 mw or less 
signal-to-noise ratio through channel 83 
Separate heater inputs allow direct connection of 
slal oven to station standby power 
Pilot lamp indicates adequate r-f input level 
Terminals are provided for connecting remote 
wfrequency and modulation meters and over- 
indicators 
-type discriminator linear to better than 
for +100 kc range, permitting accurate dis- 
measurements and center-frequency indica- 
reliable even with heavy modulation 
New cabinet arranged for maximum heat dissi- 
and easy installation or removal for servicing 


The G-R Type 1183-T T-V Monitor 
meets all requirements of the FCC, in- 
cluding those established for offset 
operation. It not only provides com- 
plete monitoring facilities for VHF and 
UHF stations in accordance with FCC 
specifications, it assures the quality of 
everyday transmissions as well. Moni- 
toring of distortion, noise, modulation 
level, and video and audio carrier fre- 
quencies, with the aid of this instru- 
meni, results in the rapid detection of 
substandard operation. 

Conveniences for operating person- 
nel are a major feature. The relatively 
high stability of the VHF Monitor 
makes frequency checks necessary only 
once a month. Stability, accuracy, ease 
of maintenance and operation, depend- 
ability and long life are optimum. The 


’ G-R trademark guarantees trouble free 


operation with a minimum of mainte- 
nance. 
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GENERAL RADIO Compan 


275 Massachusetts A 


4EW 


PACING 
THE ELECTRONIC INDUSTRY... 22-20 


— 196% 
Not just keeping pace OVER 1950 


ne itt Vy Behe 

7 e ry Ay aes he} ‘uvit 
with it! eae 4 
1078 PAGES ae 


Yes, the electronic industry is an expanding universe 154% ye one 
all its own. But TELE-TECH & ELECTRONIC Vid wiLt 


Lweae 
aa aes ER 1950 aN 
INDUSTRIES, the leading engineering publication tee iy 


sis 
‘* i 
5 ne iste Pred 
in the field, is expanding at a greater rate than the ie Wiae Pe ee als. ay 
* ' Veo Age 
‘Gore > * Sof : wt ¥% REIT Ea oy 
industry. itself. That's because a Lh fd ay Ryn Ny atin 
Ma eAess e dort HN Sa 48 Od 
‘ Se Jedayrigy aly 1 w 9g aap Diet rere 
the editorial content is unex- Sat APE aA 2 Be beer OF Lae 
ay J ERS rl fir ae * : 
wed z j T 1 ri eras bait 1 bid ] a ae ie : "] 
celled. No other magazine ty Seog B84 RS cM 
A Ptdbes ts7 VOR a ‘yi ; 
f : aT ARN re | U4) af, 
offers as consistent a flow of } NEMO RTA  g , he y fi! 
i k Su} va we Se ABe t + t , 
; ‘ 14 fany: ny AYN ob AN AC re 
high-quality, exclusive edito- a toe Wage te 4, 
j A : “aN tre Wythe vai oes 4 
1 Phe Saad et JU a a . 
rial services — like the Armed TANS AURA ish ‘ 
#gh. 5% She ree], sh 
Forces Procurement Charts, 716 PAGES Nod : 4 


the national map of Micro- 68% 


wave Systems, the FCC Spec OVER 1950 
trum Chart — and the scoops 


on transistors 


ADVERTISING GROWTH 


425 PAGES 
Bea v ny ue Wy 
; ‘ ai 


Note that— 


the percentage - increase 
of TELE-TECH is acceler- 
ating ata pace that 
leaves the rest of the 
trade and business 
papers far 


behind. 


The Preferred Engineering Magazine 


T E L j T 5 C ue of the Electronic Industry! 


a Caldwell-Clements, Jue. wew ore PN 


The high-gain amplifier asso- 
ted with this bootstrap circuit 
have direct-coupled negative 
sedback which reduces its gain to 
‘approximately unity. The resulting 
reuit is much less subject to drift 
#4 its output than the high-gain am- 
plifier associated with the Miller 
ategrator. 
E. Display Circuit: During the dis- 
Blay period the output voltage of 
bach integrator appears in the form 
bf a vertical spot displacement above 
@ baseline on the face of a cathode- 
ray tube®. These displays are photo- 
phed with a Polaroid Land cam- 
era if a permanent record is desired. 
To obtain this display, a conven- 
tional, continuous sawtooth sweep is 
sapplied to the horizontal plates of the 
CRT. At each of five points along the 
sweep the output voltage of one of 
the B-channel integrators appears as 
@vertical spot displacement. This re- 
@uires a switching circuit to connect 
the output of each integrator in turn 
nto the vertical deflection system of 
the CRT at the time when the CRT 
beam is in the position corresponding 


a 
& 
& 
| : 


Fig. 10: Autocorrelation functions of music 
G (Mozart E Flat Piano Concerto, end 3rd move.) 


jto that integrator. A mechanical 
"Switching circuit was tried, but an 
pelectronic system was found to be 
More reliable. 
| This switching circuit contains a 
Mive-stage, ring-chain counter, each 
ieycle of which is started in synchro- 
Mism with the horizontal sweep. 
Each of the five output pulses opens 
‘briefly, in turn, one of five gate cir- 
"cuits. The input of each gate is con- 
hected to a B-channel integrator; 
the outputs are tied to a common 
4 wire. The waveform upon this com- 
' Mon wire appears as a group of five 
(rectangular pulses of varying 
| heights. An ac amplifier with suit- 
' able clamping circuits applies this 
| waveform to the vertical deflection 
| plates of the cathode-ray tube. 
| A multichannel correlator such as 
q this is especially valuable for investi- 
‘gating nonstationary time series; 
_ that is, those time series whose sta- 
‘tistical characteristics change with 
‘ime. With a single channel correla- 
‘tor, which computes only one point 
}on the curve at a time, each point is 
‘obtained under different conditions. 
e five-channel correlator obtains 
/an entire group of five points at one 
e. By obtaining successive corre- 
dation functions of a nonstationary 
‘time series, the manner in which the 
(Continued on page 125) 


SHOCK  V/BRA TION 


NE W S 


ERE’S THE SECRET 


oe. Of a NEW 
wire-mesh isolator 
that won't change 
on the job! 


The new Type 7630 and Type 7640 ALL-METL Barrymounts 
have been specifically designed to eliminate loss of efficiency due to 
damper packing. Previous wire-mesh unit vibration isolators ex- 
hibited a definite loss of damping efficiency after a period in actual 
service, because the wire-mesh damper tended to pack. These new 
unit Barrymounts have eliminated this difficulty, because the load- 
bearing spring returns the damper to its normal position on 
every cycle, 


@ Very light weight — helps you reduce the weight of 
mounted equipment. 

@ Hex top — simplifies your installation problems. 

@ High isolation efficiency — meets latest government 
specifications (JAN-C-172A, etc.) — gives your equip- 
ment maximum protection. 

@ Ruggedized — to meet the shock-test requirements of 
military specifications. 

@ Operates over a wide range of temperatures — ideal for 
guided-missile or jet installations. 


Compare these unit isolators with any others — by making 
your own tests, or on the basis of full details contained in Barry 
Product Bulletin 531. Your free copy will be mailed on request. 


See these new isolators in action, and discuss their applications 


with us, at the New York I.R.E. Show. 


NT ST., WATERTOWN 72, MASSACHUSETTS oe 
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PRINTED CIRCUITRY 
Formica copper-clad lami- 
nates make intricate elec- 
trical assemblies smaller, 
lighter, more reliable. 


FF-33 fibreglass fabric 
grade impregnated 
with arc-resistant resin 
for excellent low loss 
electrical properties, 
dimensional stability 
and long, dependable 
service at high tem- 
peratures. 


MF-41 fibreglass mat 
grade impregnated 
with melamine resin 
for electrical applica- 
tions requiring high 
flame resistance and 
relatively high arc 
resistance. 


FOR FAST FACTS... CLIP COUPON 


The Formica Co. 
4644 Spring Grove Ave. 
Cincinnati 32, Ohio 


Send us information immediately on 
0) Printed circuits 
0 FF-33 OO MF-41 
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— AT A NEW LOW PRICE 


the ELECTRONIC 
sg | ENGINEERING 
: HANDBOOK 


. . . authoritative 
standard 
complete 
clear 
concise 


practical 
456 pages 


—over 260 
illustrations 


Reissued at Your Request 


Yes, because of the demand of engineers everywhere, THE 
ELECTRONIC ENGINEERING HANDBOOK—the standard reference in the 
field—is once again available . . . and at a truly economical price! 


THE ELECTRONIC ENGINEERING HANDBOOK is regarded by many 
engineers as the most complete, authoritative, and useful book 
on electronic tubes and their applications ever published. It 
contains 560 charts, diagrams, and tables . . . more than 260 
illustrations . . . and 456 pages jam-packed with facts- 
and-figures for day-in and day-out use. 


What’s more, THE ELECTRONIC ENGINEERING HANDBOOK is practical 
. placing special emphasis on industrial applications. The text 
is clear, concise . . . written in a language anyone can understand— 
and there's no reliance on involved mathematics. This handbook 

is a must for engineers, plant managers, production heads, 
executives—for everyone in the field from the electronic specialist 
to the student. 


Read This List of Contents! 
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No Risk 
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Approval (This offer good only within the boundaries of the United States) 
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correlation function is changing is 


indicated. 

Figs. 8-10 show how the correla- 
tion functions of certain time series 
do vary. Each figure shows several 
correlation functions obtained from 
the same time series at different 
times. The first group of five points 
along the curve is shown in each in- 
stance. The data was obtained for 
the following conditions: 

Value of t increases from left 
to right 

At=400 usec 

Number of sample pairs—4,000 

Time interval covered by each 
curve equals 8 seconds 

Time between successive curves 
equals about 20 seconds 

In each case the input was passed 
through a clipper to make certain 
that large peaks did not cause large 
errors by overloading the multipliers. 
The clipping was slight, and it was 
verified by listening to the output of 
the clipper through headphones that 
the actual sound was not more than 
slightly affected. 

The curves obtained for gas tube 
noise (Fig. 8) show very little dif- 
ference among themselves. This is 
to be expected since there is no ap- 
parent reason for the output of the 
noise generator to be nonstationary 
over the short interval of time dur- 
ing which the curves were obtained. 
The slight fluctuations that do occur 
are probably random fluctuations 
(sampling noise) caused by the lim- 
ited number of sample pairs taken. 

Since these curves have a maxi- 
mum t value of only 1.6 milliseconds, 
the curves obtained for speech (Fig. 
9) cover only the high frequency 
components. Successive curves differ 
noticeably, yet all have the same 
general shape for the same voice. 

Fig. 10 shows curves that have 
been obtained for music. Here the 
rapidly varying character of the time 
series is clearly evident. 


5 epee tay is expressed to Professor 
Y. W. Lee for suggesting the construction of 
the five-channel correlator and to H. Levick, 

. L. Petree and D. E. Ullery for their con- 
tributions to this work. 

This work has been supported in part b 
the Signal Corps, the Air Materiel Command, 
and the Office of Naval Research. 
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New RCA-6181 power tetrode 
used in RCA 1-Kw UHF television 
transmitter type TTU-1B. 


oe 
with the RCA-6I8I 


terminals to reduce power loss. The - 
coaxial-electrode structure of the 
6181 is designed especially for use _ 
with high-power circuits of the 
coaxial-cylinder cavity type; its in- 


UHF retevision is now a reality! 
And the RCA-6181 power tetrode is 
playing a vital role in new ‘station 
operations. 


Many features have been incor- 
porated in this new tube which pro- 
vide important operating advantages. 
The use of forced-air cooling permits 
substantial operating economies: 
ceramic bushings are used between 


directly heated, low-temperature, 
coated cathode assures long service- 
ability. 

Specify RCA when you need tubes 
for replacement. 


KEEP IN TOUCH WITH YOUR LOCAL RCA TUBE DISTRIBUTOR 
FOR THE LATEST TUBE DEVELOPMENTS. 


RADIO CORPORATION of AMERICA 


ELECTRON TUBES 


HARRISON. N. J. 


FREQUENCY FEEDBACK 


Because the biasing permeativity 
(u,e)— corresponds to the center 
points of the various chords, the re- 
lationship between (u,¢), and the 
amplitudes of the polarizing field be- 
comes evident as. a result of flux 
rectification. 

Although this philosophy may not 
be fully conclusive, the illustrated 
phenomena reveal the relationship 
between dynamic permeativity on 
one hand and bias as well as super- 
imposed ac polarization on the other 
hand. At any rate, the dynamic per- 
meativity manifests itself in equiva- 
lent changes of the dynamic induct- 
ance of an iron-cored coil and the 
dynamic capacitance of a ferroelec- 
tric condenser, respectively. In fact, 
variations as large as 10:1 have 
been measured for inductors with 
Ferramic' cores and as large as 4: 1 
for barium strontium titanate ca- 
pacitors, whereby the lower ratio of 
the capacitor must be attributed to 
breakdown voltage, dielectric losses, 
and temperature effects. 

If we now turn back to frequency 
feedback, we may easily see that the 
relationship between dynamic re- 
actance and r-f amplitude takes the 
place of the feedback line in Fig. 2. 
Hence, the resonance curves of a 
nonharmonic resonant system are 
unsymmetrically deformed in the 
same manner as when caused by an 
external feedback channel. This has 
been corroborated by numerous ex- 
periments which evidenced the non- 
harmonic resonance curves depicted 
in Fig. 7 and produced by a non- 
linear coil (a) as well as a barium 
strontium titanate capacitor (b), ex- 
cept that the limited dielectric 


(Continued from page 93) 


Fig. 7: Nonharmonic resonance due to saturable reactor (a) and nonlinear capacitor (b) 


strength of the latter prevents the 
instability. 

Instead of oscillographing the non- 
harmonic resonance characteristics 
with the aid of a sweep generator, it 
is also possible to sweep the test cir- 
cuit by means of its nonlinear react- 
ance. As shown in the diagram of 
Fig. 8 a sweep voltage is impressed 
upon the ferroelectric capacitor and, 
at the same time, provides the X-de- 
flection of the oscilloscope. The two 
oscillograms shown in Fig. 9 illus- ® 
trate the resonance shifting with in- 
creasing r-f excitation from oscillo- 
gram (a) to oscillogram (b), in (8D)... f= =/ 
other words: The tank circuit is re- aaa: sak 
tuned by a higher biasing voltage. 7 


Polarization 


H,E 


(a.t)dyn 


Nonharmonic Resonance 


bias 
polarization 


A resonant system also becomes 
nonharmonic if it contains a non- 
linear resistor such as a crystal 
diode, a Thyrite, or a Polaristor,)* 
provided it operates in combination 
with a fixed reactance. For this pur- 
pose) the nonlinear resistor forms 
part of a network, the simplest cir- 
cuit containing both in series. The 
resulting RX-modulators have been 
utilized for FM? but, at the same 
time, make a resonant system non- 
harmonic. 

Fig. 10(a) shows the nonlinear re- 
sistor Rg in series with the constant. 
reactance X, paralleling the shaded 
tank circuit. If we convert the series 
network into the equivalent parallel 
network shown in Fig. 10(b) where- 
in the equivalent reactance X, and 
the equivalent damping resistor R, 
shunt the tank circuit, the nonlinear- 
ity of Rg is transformed into X, so 


Fig. 6: Various hysteresis loops caused by 
using different ac and bias polarizations 


that the RX-modulator is equivalent 
to a nonlinear reactance. 

Whereas FM is produced by con- 
trolling the series resistor by means 
of an external modulating voltage, 
nonharmonic resonance occurs un- 
der the influence of r-f in that the 
dynamic resistance is altered. Let 
the nonlinear resistor be character- 
ized by the symmetrical I-V charac- 
teristic I — +KV,? depicted in Fig. - 
11(a). If we recall the dynamic per- 
meativity, the dynamic resistance 
may be set equal to the inverse slope 
of the dashed chord 


Ra = 1/KV, (5) 


where V, denotes the peak value of 
the r-f voltage across Rs. By means 
of this analogy, it can easily be seen 
that the dynamic resistance de- 
creases with increasing r-f ampli- 
tudes as illustrated in Fig. 11(b). 


RX-Modulator 


The frequency feedback caused by 
an RX-modulator may be explained 
by a first order analysis. Let the 
series reactance X, be a capacitance 
1/C,. The voltage drop V, then fol- 
lows from the r-f voltage V~ in- 
duced in the tank circuit as 


. V. 63 Vw~/V1 +PV,? (6a) 


where P — (K/w(C,?). The equation 
has the solution 


V.2 = (o/1+4PV2~-1)/2P (6b) 


Now, the series combination must 
be converted into the equivalent 
(Continued on page 128) 
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FREQUENCY FEEDBACK 


parallel network. Setting both ad- 
mittances equal 


1 1 
——_—— =— +jeG, (7) 
Rg+1/j @ c. R, 
gives 
C, 
Cc, =—————_ (7a) 
1 +(wC,Ra)? 


1 
R, = Rg E — art (7b) 
(wC,Ra)? 


If we introduce Eqs. (5) and (6b), 
both formulas assume the forms 


V1+4PV2~—1 


4 (8a) 
V/1+4PV2~+1 


4/1+4PV2~+1 
R, = . (8b) 


/uwC, V>/14+4PV2~—1 


Fig. 8: Schematic of an arrangement for making 
oscillograph curves of nonharmonic resonance 


Fig. 9: Curves made by circuit shown in Fig. 8 


pg 


(Continued from page 126) 


Finally, we evaluate the detuning 
of the nonharmonic tank circuit by 
means of 

Cc. 1 
-———-— (9) 
C, Y1+C,/C, 
—C, /142PV2~ —./1+4PV2~ 


ce Be 
1+2PV2~ (14+ —)+/1+4PV2~ 


‘o 


The accuracy of Eq. (9) has been 
checked by the investigation of a 
test circuit shunted by an RX-modu- 
lator with C, = 2,400 uuf; C, = 1,000 
uuf; w, = 1.27* 10° whereas two ger- 
manium diodes in back-to-back con- 
nection are characterized by K= 
10-2. The solid characteristic in Fig. 
12 shows the measured detuning 
versus increasing r-f excitation. The 
dashed curve is evaluated and agrees 
with the experiment as well as can 
be expected. The sensitive diodes 
produce a strong frequency feed- 
back: An induced voltage as low as 
0.4 volts approaches the short-circuit 
detuning x, = —0.35 for R,- 0. 

Eq. (8b) shows that the equiva- 
lent parallel resistor R, becomes in- 
finitely high for R,;=0 as well as 
co because both extremes cause no 
additional damping. Between these 
extremes, R, passes a minimum. This 
is corroborated by the dotted char- 
acteristic in Fig. 12 disclosing the 


quality factor \/Q. At low r-f excita- 
tion, Q decreases rapidly from its 
initial value Q, = 86 and, after pass- 
ing a minimum of only 5, increases 
again and asymptotically approaches 
Q,. Such a heavy damping can be 
avoided by smaller capacitors C, or 
less sensitive resistors at the ex- 
pense of detuning sensitivity. 


impedence of Nonharmonic 
Systems 


Up to now, the result of frequency 
feedback has been discussed at 
varying frequencies with the driving 
power as parameter. The philosophy 
of frequency feedback, however, is 
not complete as long as we: do not 
change the parameters, in’ other 
words: The nonharmonic system is 
excited at a constant generator fre- 
quency and fed by the r-f current I~ 
with the constant frequency gop. 
A preresistor r in Fig. 13(a) stabil- 
izes the feeding current and may 
represent the internal impedance of 
the generator. 

Let the dynamic capacity be re- 
lated with the induced voltage V~ 
by the formula 


Ca=Cr(1 —A V-) (10) 


TEE 


LEER Re 


Fig. 11: I-V_ characteristic of nonlinear re- 
sistor (a) and resistance characteristic (b) ~ 


where C,, is the bias capacity and A> 
the dynamic sensitivity taking care 7 
of the change in incremental per- ~ 
mittivity as well as of the ferroelec- 
tric rectification at given conditions 
of operation. The admittance of the } 
tank circuit then becomes (11a) 7 


G = 


I 
@gen Cy (1 —AV~) — ; 


Wgen 


After introducing the resonant — 
frequency wg, = 1/\/IC, and after | 
several rearrangements it assumes — 
the form ( 1b) 


Cy ®gen 
o-/— = Sabi cyysiccaes 


gen 


The formula reveals as a function of © 
the induced r-f voltage at constant = 
frequencies. Consequently, the driv- — 
ing current I~ and the induced volt- — 
age V~ are related by (12) 


with the frequency ratio as param- — 
eter. 
The simplest condition of opera- 
(Continued on page 132) 
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4-125A 


The radial-beam power 
tetrode that made trans- 
mitting screen-grid 
tubes popular. This 
tube will take a plate 
input of 500 watts for 
CW or 380 watts for 
fone. Driving power is 
less than two watts. A 
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power fone or CW fi- 
nal for the amateur. 
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Often referred to as the 
workhorse of modern 
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tems, this dependable 
triode has a plate dis- 
sipation rating of 450 
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as an amplifier, oscil- 
lator or modulator. 
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able and fixed vacuum 
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tank circuits. It is vari- 
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Maximum rf voltage is 
20 ky. at 40 amperes. 
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This small external 
anode radial-beam 
power tetrode operates 
efficiently at all fre- 
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range with a driving 
power of only a few 
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ruggedness make it 
ideal for compact 
equipment such as mo- 
bile. 
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These Klystrons, the 
latest development in 
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output of 5000 watts. 
The three versions of 
the Klystron will cover 
the entire UHF range 
— 470-890 mc. These 
water and air cooled 
Klystrons have a power 
gain of 20 db. 


2€39A 


This small, rugged tti- 
ode is designed for use 
as a power amplifier, 
oscillator or frequency 
multiplier to. frequen- 
cies above 2500 mc. It 
is particularly suitable 
for compact fixed or 
mobile equipment. 


@ Complete technical data 
available on request. 
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tion is characterized by »,.. = w, 
which means the tank circuit, aft 
low r-f excitation, is in resonance 
with the generator frequency. The 
driving current then increases pro. 
portionally to the second power of 
V~. For ,., > ©, however, the 
I~ — V~ characteristic shown in 
Fig. 13 (b) is obtained. The negative 
slope shows a negative impedance 
resulting from the fact that the fre- 
quency feedback causes the tank 
circuit to run into resonance. At 
resonance, the current passes a 
minimum at a critical excitation 


--[1-(2)} 0 


When this critical value is exceeded, 
the tank circuit runs out of reso- 
nance and the I~ — V~ curve ap- 
proaches a parabola. 


Negative Impedance 


The negative impedance is not to 
be confused with a negative re- 
sistance because it is confined to 
rms values of currents and voltages 
but the sign does not denote an in- 
ductive or capacitive component, 
Another implication is the im- 
portant fact: that a negative im- 
pedance cannot convert dc energy 
into ac energy as does a negative 
resistance. On the other hand, a 
negative impedance, in combination 
with a fixed preresistor, becomes 
bistable as illustrated in Fig. 13 (b). 


Fig. 12: Detuning and quality factors of a 
nonharmonic circuit vs. resonant voltage 


Only in this respect, a negative im- 
pedance cannot convert de energy 
alent to a negative resistance. The 
nonlinear I~ — V~ characteristic is 
intersected by the dashed loadline 
having the slope 1/r and originating 
at the generator voltage V,.,. Only 
the two points O’ and O” of inter- 
section are stable so that the driv- 
ing current, under the influence of 
fluctuating generator voltages, jumps 
between the values I’ and I”. The 
similarity between a negative im- 
pedance and a negative resistance, 
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both in series with a constant re- 
sistor, is obvious. Hence we may 


+ gay that the concept of a negative 


resistance is transferred from the 
field of dc into the ac field. 


Practical Applications 


Although the purpose of this 
paper is the explanation of the basic 
problem of frequency feedback 
rather than the description of prac- 


: ® 
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Fig. 13: Excited nonharmonic tank circuit (a) 
and the associated I~-V~ characteristic (b) 


tical applications, some examples 
may be given. 

The simplest application is the 
conversion of AM into FM. For this 
purpose, the tank circuit of an oscil- 
lator is made nonharmonic by pro- 
viding it with an iron-cored coil, a 
ferroelectric capacitor, or an RX- 
modulator. As soon as the amplitude 
of such an nonharmonic oscillator is 
modulated in any conventional way, 
the AM is accompanied by FM. 
This phenomenon may be utilized 
for neutralizing the parasitic FM of 
signal generators. Experiments have 
shown that a one per cent AM of 
10 mc carrier frequency produces a 
frequency swing of 2 Kc without un- 
reasonable damping. 


Frequency Shift Reception 


Another example makes use of the 
opposite effect for the conversion of 
FM into AM for frequency-shift 
reception. Frequency-shift keyed 
transmission alternates between two 
discrete frequencies termed mark 
and space, respectively. The re- 
ceiver is tuned to the transmitter’s 
center frequency, often termed the 
phantom carrier. The discriminator 
(Continued on page 134) 
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of the frequency-shift receiver then 
is driven by the output of the lim. 
iter stage and comprises two non- 
harmonic tank circuits which per. 
form minute tuning loops on both 
sides of the phantom carrier. For 
this purpose, one of the discrimina- 
tor’s tank circuits shown in Fig. 14 
(a) contains a ferroelectric capaci- 
tor and the other an iron-cored coil, 
Their r-f voltages are rectified by 
two detectors which produce ‘the 
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Fig. 14: Nonharmonic ‘discriminator for fre- 
quency-shift reception (a) and tuning loops (b) 


output voltage across a common 
load resistor. As a result, the output 
voltage versus transmitter fre- 
quency follows the curve shown in 
Fig. 14 (b). Mark and space pro- 
duce equal potentials of opposite 
polarity. 

A third example of application is 
a flip-flop gating device adapted to 
a parallel-gated binary-computing 
system and based on the explained 
bistability. Such a trigger device— 
which differs from the described 
circuitry only by series resonance 
circuits instead of parallel circuits— 
has been described previously.’ 

The description of additional ap- 
plications is beyond the scope of this 
paper. Following the developed 
principle, the expert may develop 
other applications according to his 
own requirements. 
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“Faired-In ADF Antennas”—L. E. Raburn, 


Electronics Research. 
“Magnetic Am = for Airborne —- 
tions” —J. . cKendry, Gener 
cision Labs 


“Aircraft Electrical Power”—J. C. Dieffen- 
derfer and G. W. Sherman, Wright Air 
wbevelopment Center. 

Effects of Electronic Be oe mm 
Standardization on Aircraft Performance” 
G. C. Sumner, Consolidated Vultee. 


ANTENNAS III—PROPAGATION 


“Notes on Propagation”—L. A. Byam, Jr., 
cn Western Union. 

iheric Propagation in Horizontally 
ae ied a eg? Rough aa 
» M eee . N. Ghose, G. H. Keitel, 


Propagation”—J. W. Herbstreit, K. A. Nor- 
ton, P. L. Rice and G. E. Schafer, National 


ae ames Radio Transmission by 
a, Reflection from Meteoric Ioniza- 
tion”—O. G. Villard, Jr., A. M. Peterson, 
and Von R. Eshleman, 


Stanf U. 

“An Interpretation of Vertical Incidence 
Equivalent 1 He ht versus Time Recordings 
on 150 Ke/s”—R. Lindquist, Pennsylvania 
State College. 


CIRCUITS I1I—TIME DOMAIN NETWORKS—DELAY 
LINES 


“Continuously WVariable Delay Line’—C. 
pomely. Du Mont Labs. 
“Gen Transmission Theory a - 
uted Helical Delay Lines 
— — Yale Dior a ‘ont 


By ne ne Constant Lo ey with 
Characteristic Impedances er Than 
5000 Ohms”—W. S. Carley, U. S. Naval 


Ordnance Lab. 
“Helical Win mential-Line Pulse 
Transformers for llimicrosecond Serv- 


ice”—J. Kukel and E. M. Williams, Car- 
mesic Institute of Technology 

Domain Approximation “by Use of 
= Approximants”— D. Teasdale, 


* ency Transients in Idealized Linear 
Sy: jem” '—B. Gold, Hughes Aircraft. 


ELECTRON DEVICES |—TRANSISTORS 


“The Negative Resistance + Reg Lesk 
and V. P. Mathis, General Elect 
ie gy of Transistors” —W. R " Sittner 


“Characteristics of ‘the M-1768 Transistor”— 
“Devel pment, High Froauency Alloy Tran- 
on opmen 4 uency oy 
sistors’—C. W - Mueller and J. I. Pankove, 
S. 


“Behaving of Germanium Junction Tran- 

—. at Elevated bm ae ag and 
Pow rs Design’ D. Arm- 
strona, RCA Labs. 


INSTRUMENTATION I1I—ELECTRONICS 


; “The mse of a Pamegpaals, Receiver to 


CW and Pulse Signals”— W. Batten, 
R. A. Jorgensen, A. B. oes and W. W. 
e Peterson, U. of Michigan, 
A VHF iupeden ce Meter’—J. H. Mennie, 
tC) 


“S Measurement of Incremental 
Time Jitter’—W. T. Pope, Griffiss 
Air Force 


(Continued on page 136) 


Tia les 


tS PRINTED READOUT 


for ELECTRONIC 
COUNTERS 


RT cca | 


DOPOD PDD PDD D> D>D>DDD 


3% DIRECT READING 3% RAPID CYCLING % LOW COST 


PRINTED READOUT for high speed electronic counters is now 


available at low cost as a standard BERKELEY product. This Digital 
Recorder provides a direct means of permanently recording sequential 
count information in arabic numeral form on a standard adding ma- 
chine tape. It is designed to operaté from electronic counters, Time 
Interval Meters, Events-per-Unit-Time Meters, nuclear scalers, and 
other electronic totalizing devices. Most standard BERKELEY. instru- 
ments now in use can be readily adapted for operation with the 
BERKELEY Digital Recorder, thus eliminating the need for purchase 
of new counting equipment. 


THE DIGITAL RECORDER . . . is composed of a Digital Scanner 


and a Digital Printer. The first unit consists of a bank of readout decimal 
counting units essentially paralleling the totalizing function of the basic 
counting instrument from which they operate, and a selecting relay 
matrix to channel information from the counting circuit to the Digital 
Printer. This second unit presents a sequence of total counts in direct 
reading digital form on a standard adding machine tape. 


A COMPLETE SYSTEM ... of Electronic Counter and Digital 


Recorder then consists of three elements: a suitable electronic counting 
device, Digital Scanner, and Digital Printer. The latter two elements 
comprise the complete Digital Recorder. Modification D, a standard 
modification of the system, will permit original count information to be 
channeled directly into the Digital Scanner, thus eliminating the need 
for a separate electronic counter. 


SPECIFICATIONS ... Minimum counting period determined by the char- 


acteristics of the basic counting instrument. Maximum cycling rate: 1 printout every % 
second. Indicating capacities 3, 4, 5 or 6 columns. Digital Scanner—20%” x 10%” x 15” 
cabinet, wt. 70 Ibs., standard 19” relay rack panel. Digital Printer—7%2” x 8%” x 
14%” cabinet, wt. 20 lbs. Price, Digital Recorder, Model R-3 (3-column), $1050; Model 
R-4 (4-column), $1125; Model R-5 (5-column), $1200; Model R-6S (6-column, 100 kc), 
$1275; Model R-6 (6-column, 1 mc) $1325. Modification D (not available on 1 me 
unit) $145.00. Prices f.o.b. factory. 


M-5 Please request Bulletin 803 


viston of BECKMAN INSTRUMENTS IN¢ 
2200 WRIGHT AVENUE « RICHMOND, CALIFORNIA 


“*DIRECT READING DIGITAL PRESENTATION OF INFORMATION’”’ 
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CLS See 
smaller than a desk pen... 


just as convenient 


the NEW Turner C-4 Stand 
for Model 80 Microphone 


The new C-4 stand gives complete maneuver- 
ability and convenience with the Model 80. It 
pivots the microphone in a 135° arc for any opera- 
tional angle — swings parallel to base needing 
little more space than two packs of cigarettes. 
* The microphone is held firmly by the unique, 
positive-action hinge, yet moves smoothly and 
easily to any desired position without adjustment. 
Microphone quickly and easily removed. 


This new, matching stand is solidly built of die- 
cast zinc overlaid with beautiful satin chrome 
plate. It is heavy enough to prevent tipping — 
it will not slide with the weight of the cord. The 
C-4 stand complements the graceful shape of the 
Model 80; the combined unit is an attractive but 
inconspicuous addition to a speakers’ table. Ideal 
for use with wire recorders, public address sys- 
tems, pulpits, office and factory call systems, 
amateur operators and other similar uses. 


Model C-4 matching stand. 54”—27 thread. 
List Price $_5.75 


?— 


Model 80 Microphone. List Price__..._____ $15.95 


THE TURNER COMPANY 


923 17th St., N. E. Cedar Rapids, lowa 
In Canada: Canadien Marconi Company, Toronto, Ont., and Branches 
Export: Ad Auriema, Inc., 89 Brood Street, New York 4, N. Y. 
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Be ogee Wave Analyzer’—O. Kummer, 


era a Three-Phase Oseilla. 
r’—G. Smiley, General Radio. 


SYMPOSIUM: TRENDS IN MOBILE 


COMMUNICATIONS 
“The Effects of Seiectivi 
e hg Bo ae ‘a Ragga bh. 


Lineari' 
cations Reliabilit: aa Coverage” 
ro apg pgcens ty. an Air Develonmal 


Center. 
“Sa. ‘Sideband for —~ Communica. 


: tions”—A. Brown and R. H. Levine, Coles 
“Major Factors in hogan uipm 
sign with Emphasis © ao Mc et ms 


pe yw Characteristics” —John 5 
“pio Experience with 450 Me Mt Mobile § 
obile 
tems” — ingham and J. . Mon. 
trese, Bell-Mont Communications ice. 


Wednesday, March 25 
ELECTRON DEVICES II—ELECTRON TUBES 


trons”’—W. C. Dean, Co Texas and 
G. W. Penney and J. Woodford, Jr., 
Carnegie Institute of Technologe 

“Low Noise, Hot Cathode, Gas Tubes’”— 
E. O. Johnson, _ M. Webster and J. B. 
Zirker, RCA La 

“New D Dispenser 1 Tape Thermionic Cathode” 


—R. 
“Multi Output Beam Switching Tubes for 


Computers —~ General be irs 
Kuchinsky yo 

“An eee ciple Hick . 
quency Tubes’—Robert “adler, igh re 


CIRCUITS IV—ACTIVE NETWORKS—TRANSISTORS 


“Transient me of Junction > 

Amplifiers”—J. J. Suran and W. F. Chow, 
General Electric 

“The Grounded-Collector Transistor r Ampli- 

fier at Carrier Frequencies”—F. R. Stan- 
gt Bell Tel. Labs 

etrical Properties of Transistors and 

eir Application’—G. C. Sziklai, RCA 


Labs. 

“A Study of Transistor Circuits for Tele- 
vision”—G. C. Sziklai, R. D. Lohman and 
G. B. Herzog, RCA Labs 

“Conductance Curve Design of Relaxation 
Circuits’—K. A. Pullen, Aberdeen Prov- 


Ground. 
oprenator Relaxation Oscillators”’—S. 1. 
Kramer, Fairchild Guided Missiles. 


NOISE AND MODULATION 


“Noise Problems of Theoretical and Prac- 
tical Interest”—B. Gold, Hughes Aircraft. 


a tenn OB pa a tsch and H. V. 
cr 
“Aumplitade fodulation by Plate Modula- 
tion of CW M wee 3 *——J. §. Donal, Jr. 
and K. K. N. ng. JF CA Labs 
= nm of odulation ‘Methods”— 
Page, Naval Research Lab. 
ox * Technique of Intermodulation Inter- 
ference Determination”—A. J. Beauchamp, 
Rome Air Development Center. 


SYMPOSIUM: TELEVISION BROADCASTING 


“The Design of Speech Input Consoles for 
Television” —R. Po Tanner, Northern 


ectric. 
“Buil TV Broadcast Facilities for 
Gro en id and Economy’—A. R. 
Kramer and E. R. Kramer, Kramer, Win- 
ner «nd Kramer i 
—_——< in TV “Transmitting An —_ 
G. Kear, Kear and Kennedy, and J. G. 
abs American Broadcast Co. 
“High Gain Amplifiers for High Power 
naif Transmitters”—J. Ruston, Du- 
on 
“Optimum Utilization of the Radio Fre- 
ge — for Color TV’—R. D. 
ell and A. C. Schroeder, RCA Labs. 


QUALITY CONTROL METHODS APPLIED 10 
ELECTRON TUBE AND ELECTRONIC 
EQUIPMENT DESIGN 


“Use of Statistical Tolerances to Obtain 
Wider Limits on Tube Component Dimen- 
Product-. = 9 «Rag C. Miles, Airborne 


Instruments Lab 
“Distribution Patterns ,for the Attributes of 
Ee ag Circui —R. F. Rollman and 


Karmiol, ‘ont Labs. 
“The Application of Statistics to Field Sur- 


—=——-s bh kd 


Professional Groups 


A warm reception hos been accorded 
‘to the Professional Groups operating 
within the framework of the IRE. Group 
membership, and the number of Groups, 
has grown significantly since the plan's 
inception in 1948. The formation of three 
additional Groups since last year brings 
the total up to 19. In line with the trend 
toward scientific specialization, nine Pro- 
fessional Groups are pianning 11 special 
symposia on subjects of timely interest in 
their respective fields. 


veillance of Product Performance”’— 
Herd, Aeronautical Radio. 

“Reliability of Eiectron Tubes in Military 
Ap tions”—E. F. Jahr, Aeronautical 


Radio. 
ic Environment Testing’—D. T. 
iser, Boeing Airplane. 


SEMINAR: ACCOUSTICS FOR THE RADIO 
ENGINEER— 


“Fundamental Theory”—L. L. Beranek, MIT. 

“Microphones” —H. F. Olson, RCA. 
“Loudspeakers”—H. S. Knowles, Industrial 
Research Products. 


ELECTRON DEVICES I1|—MICROWAVE TUBES 


“High Power Traveling — rene a 


fiers’—-M. Ettenberg, — Swave 7 
4 tion of the Traveiing-Wave Tube in 
Dispersive Region’”—L. A. Roberts and 

S. F. 1, Stanford U. 

“A Traveling-Wave Electron Buncher’— 
R. B. Neal, Stanford U. 

“Some Properties of Periodically Loaded 
Structures Suitable for Pulsed Traveling 
eg Tube Operation”—M. Chodorow and 

E. J. Nalos, Stanford U. 

“Experiments on Millimeter Wave and a 
Generation”—H. Motz, W. Thon and R. 
Whitehurst, Stanford U. 


INFORMATION THEORY |—RECENT ADVANCES 


“Recent Advances in Information Theory’— 
L. DeRosa, Federal Telecommunication 


“Radar | OD agg came and Information Theory”— 
Airmateriel Command. 
“vaio ~ gy of Multi lexing and S De- 
on by Function Theory”’— Mar- 
aqenand, Marchand Electronic ‘Labs. 
timum Nonlinear Filters for the Extrac- 
ion and er of Signals”—L. A. Za- 
deh, Columbia U. 
“Detection of Information by Moments”— 
J. J. Slade, Jr., S. Fich, D. A. Molony, 
Rutgers U. 


COMMUNICATIONS SYSTEMS 


Sy oc er Communications Trans- 

mitter”— ettman, Federal Telecom- 
munication Labs. 

“Doubling of Channel Capacity of Single 
Sideband Systems”—C. D. May, Office of 
Chief Signal Officer. 

“Performance of Space and Frequency Di- 
versity Receiving Systems’—R. E. se x 
and M. Acker, Fort Monmouth; and J. L. 
Glaser, Bell Tel. ims. 

Ege <. ae Telephoto; ag 7 a 

fw. PA eger, Bell Labs. 

“pelabinee of Military Electronic Egtip- 
ment =_ as ‘ent to Maintain it for 
War”’— S. Brown, Stanford Research 
Institute’ 


SYMPOSIUM: TELEVISION BROADCASTING 
AND UHF 


“A Flexible my | Studio pane eg ne 
System”—R. D. Chipp and R. F. Bigwood, 
DuMont TV Network. 

“CBS _ Television’s Hollywood TV City: 
Minne Audio and Sania ag Fa- 

a. R. O’Brien, R. Monroe <a 


tion at 850-MC”—J. Epstein and D. W. 

UH Tantallation” —W. H. Sayer, 
o mt Labs. 

“High, Power UHF Klystron a pigatien— 


sign”—N. P. Hiestand, Varian ociates. 
i onitencad on page 138) 


Precision-Built by 


ECLIPSE-PIONEER 


For more than 18 years, Eclipse-Pioneer has been a leader in the devel- 


opment and production of high precision synchros for use in automatic con- 
trol circuits of aircraft, marine and other industrial applications. Today, 
thanks to this long experience and specialization, Eclipse-Pioneer has 
available a complete line of standard (1.431” dia. X 1.631” Ig.) and 
Pygmy (0.937” dia. X 1.278” Ig.) Autosyn synchros of unmatched preci- 
sion. Furthermore, current production quantities and techniques have re- 
duced cost to a new low. For either present or future requirements, it will 


pay you to investigate Eclipse-Pioneer high precision at the new low cost. 
*REG. TRADE MARK BENDIX AVIATION CORPORATION 


AVERAGE ELECTRICAL CHARACTERISTICS—AY-200 SERIES* * 


Retor Stater ~ 
Input Voltage Input Input t Stater Output | Resistance | Resistance | Maximum 
Nominal Current Power enpnienib Voltages DC) BC) Error Spread 
neler Excitation | Milllamperes | Watts Ohms Line to Line fm Shee Minutes 
AY201-1} 26V, 400~, 1 ph. 225 1.25 | 25+j115 118 9.5 3.5 15 
Transmitters 
AY201-4 | 26V, 400~, 1 ph. 100 0.45 | 45+)225 118 16.0 6.7 20 
Receivers AY201-2 | 26V, 400~, 1 ph. 100 0.45 45+-j225 11.8 16.0 67 45 
AY201-3 py oy Dependent Upon Circuit Design 42.0 1038 15 
a 
rans- 
formers AY201-5 ay Dependent Upon Circuit Design 250.0 63.0 15 
yn 
AY221-3 | 26V, 400~, 1 ph. 60 0.35 | 108+j425 1L8 53.0 12.5 20 
Resolvers 
AY241-5| 1V, 30~,1 ph. 37 — | 240+j130 0.34 239.0 180.0 40 
Differentials | AY231-3 | From Trans. F 14.0 10.8 20 
- Autosyn Dependent Upon Circuit Design 
**Also includes High Frequency Resolvers designed for use up to 100KC (AY251-24) 
AY-500 (PYGMY) SERIES 
Transmitters | AY503-4 | 26V, 400~, 1 ph. 235 2.2 45+-j100 118 25.0 10.5 24- 
Receivers | AY503-2 | 26V, 400~, 1 ph. 235 2.2 45+j100 118 23.0 10.5 90 
AY503-3| From Trans. 5 A 170.0 45.0 24 
wet Autosyn Dependent Upon Circuit Design 
Trans- 
mers | AY503-5 ee Dependent Upon Circuit Design 550.0 188.0 30 
oe AY523-3 | 26V, 400~, 1 ph. 45 0.5 | 290-+-j490 118 210.0 42.0 30 
vers - 
AY543-5 | 26V, 400~, 1 ph. 9 0.1 |900+4-j2200 118 560.0 165.0 30 
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For detailed information, write to Dept. B. 


ECLIPSE-PIONEER DIVISION of pa 2 


TETERBORO 


NEW 


JERSEY 


a 
4 
a 
; 
HI 
ie | 
if 
4 
i 


Hint aR IS. PN Ike 


henyvon 
Transformers 


Have Many Applications 


Kenyon oil-filled hermetically sealed transformers have particular applica- 
tion to pulse and high voltage plate transformers and to charging reactors. 

They are specially valuable for reactors and plate transformers operating 
on 400 cycle or higher frequency primary supply voltage. 

Because of their internal characteristics oil-filled transformers present dif- 
ferent problems from conventional types. Cases must be correctly designed, 
terminals properly constructed and sealing methods highly efficient to elim- 
inate oil leakage. Kenyon has successfully solved these problems. 

The result is a unit with high quality insulation, small in size yet possessing 
excellent life and exceptional dependability. 

Because of substantial savings in size and simplicity of insulation, use of 
Kenyon Oil-Filled Transformers frequently results in lower final cost. 

Booth No. 1-615 L.R.E. Show 


No matter what your transformer requirements may be con- 
tact Kenyon first. Our engineers will endeavor to show you 
how you can increase efficiency at low cost by choosing a 
transformer from the complete Kenyon line 


KENYON TRANSFORMER CO., Inc. 


840 Barry Street, New York 59, N. Y 
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“High Power UHF Television Broadcasting 
Systems”—H. M. Crosby, General Electric. 


MICROWAVES I—SYMPOSIUM: MANUFACTURE 
OF MICROWAVE EQUIPMENT 


“How to Design Mic 
Ease of Assembly”—¥. reine NRG 


Mfg. 

“The Design of Microwave Components fo; 
Production”—H. J. Riblet, Microwave Dew 
velopment 

“Fabrication of Microwave Components Em. 

e Dip Brazing Process”—J. 


Pp Ru- 
Elec iste ttn re Nickel : 
“Electrofo n ‘0 r, ic 
Other Mi tals” —C L. Demesn. ge 
“Manufacturing “Microsteip Printed Circuit 
Components” —| F. Engelman (probable 
sp rT), Fedsral Telecommunication 
Ss. 


SEMINAR: ACOUSTICS FOR THE RADIO 
ENGINEER—II 


“Phonograph Reproducers”—B. B. Bauer, 

Shure Brothers. 

“T — Recording” —M. Camras, Armour 
earch 

ugtudic Acoustics”—H. J. Sabine, Celotex. 


Thursday, March 26 


INFORMATION THEORY {!!—THEORETICAL 


“Error he eecnermg of Binary Data Trans- 
mission Systems in the Presence of Ran- 
dom Noise”——S. H. Reiger, Air Force 


“Statisti Properties of the Output Cer- 
tain uency Sensitive Devine On R 


Arthur, Sperry Gyroscope 
“Cross-Correlation Applica to Automatic 
: uency Control”—M. J. Stateman, Syl- 
“Approximate Probability pene Function 


of First Level C early In- 
creasing S Plas else Gs 


R. G er, Philco 
“A Design Criteria for the 
a Generalized Modulated Sigs 
nals” — Lehan, + Institute’ of 
Techuelaah 


BROADCAST AND TELEVISION RECEIVERS—I 


“Gain Stable Mixers and Amplifiers with 
Current Feedback”—G. E. Boggs, National 
Bureau of a. 


“Video Amplifiers with Instantaneous Auto- 
nee Control” —W. E. aie Stan- 

“An nn Jose Fm _ = 
Ss ees oO. 


er, Moe 
“pachai oe djacent Channel Attenuation. 
for elevision Receivers”—J. P. Van 


Du y 
“Methods of Matrixing in an NTSC Color 


Television Receiver”’—W. M. Quinn, Gen- 

eral Electric 

MICROWAVES I1—DISTINCONTINUITIES AND 
TRANSITIONS 


“R-F Measurements on Metallic Delay Me- 
dia”—S. B. Cohn, Spe 


Gyroscope 
© — ater 4 Measu vemment ” th a Circular 
aveguide with TE; Excitation”—L. S. 
pent. Sylvania. 
ental Determination of the Prop- 
7 ies of Microstrip Co ments”—M. Ar- 
diti Federal Telecuctan cation Labs. 

“A Wideband Transition Between Wave- 
a, = Coaxial Line” —N. A. a ne 
Wheeler, Wheeler Labs 
“A Contribution to the e Guide Prob- 

lem”—B. A. Lengyel, Hughes Aircraft. 


RADIO TELEMETRY 


“Telemetering Requirements = Eevee Air 
Rocket Research . O'Day, 
Air Force Cambridge Reece Punter 

“Telemetering—Broad Band on Short Or- 
der”—T. F. precy Jr., General Electronic 


Labs. 
“Flutter C tion for FM/FM Tele- 
meterin "Decerden"-3. T. Mullin, Bing 


Crosby hacgeios. 
“A etic ape Reco System for 
ion Data”—L. L. her, Ampex 
Electric. 
“An Impro FM/FM Decommutator 


|g ma PBtation”=F. N. Reynolds, Ralpi 
“Some ‘Industrial A ions of Telemetry” 
Peiawest 


—F. N. Stephens, Research Insti- 
tute, L. Great Lakes Pipe 
Line Co 


AUDIO 
“Sound Reinforcement System, General As- 


ry. 


xX. 


sembly, United Nations”—L. L. Beranek. 

MIT, and C. W. Goyder, United Nations. 
“A Variable Time Delay”—K. Goff, MIT. 
“A Flux Sensitive Head for Magnetic Re- 

cording Play Back”’—D. E. Wiegand, 


Armour Research. 
“Uniaxial Microphone”—H. F. Olson, J. 
Preston S. 


Labs. 
«Sound Pressure Measurement Between 50 
and 220 BD’—J. K. Hilliard, Altec 
Lansing. 


ENGINEERING MANAGEMENT 


“Report of Year’s Activities by the Chair- 
man of the Professional Group on Engi- 
neering Management’”—R. I. Cole, Rome 
Air peromement Center. 

ral lems of Engineering Manage- 
ment Facing the Electronics Industry”— 
H. Pratt, Telecommunications Advisor to 
the President. 

‘Research and beet ry Phe roe nll 

eering eee e Elec cs 
Industsy”—M. J. Kelly, Bell Tel. Labs. 
“Production of Engineering Man- 
ement in e Electronics Industry”— 
W. A. McDonald, Hazeltine. 
“What the Military Services Expect from 


Enginee Management of the Elec- 
tronics Industry”—D. L. Putt, Air Re- 
search and Development Command. 


INFORMATION THEORY !!I—CODING 


Unique Decomposition of Coded Mes- 

sages”—A. A. Sardinas and G. W. Patter- 

son, Burroughs Adding Machine. 

“A Systematic Survey of Coders and Decod- 
ers’—B. Linpel, Fort Monmouth. 

“Method for e or Frequency Compres- 
ag ory of Speech”—G. Fairbanks, 
W. veritt and R. P. Jaeger, U. of 


Illinois. 
“A New Coding System for Pulse Code 
ae G. Fitzpatrick, Burroughs 


ding chine. 
“Coincidence Detectors for Binary Pulses’— 
C. Gates, Calif. Institute of Technology. 


BROADCAST AND TELEVISION RECEIVERS—1| 


“Factors Affecting the Design of VHF-UHF 
Tuners”—E. H. Boden, Sylvania. 

“Theory of A. F. C. Synchronization” —W. J. 
Gruen, General Electric. 

“Standardization of Printed Circuit Mate- 
rials for Mechanized Radio Assembly”— 
W. Hannahs, J. Caffiaux and N. Stein, 
Sylvania. ‘ 

“A Color TV Receiver for the NTSC Sys- 
tem”’—K. E. Farr, Westinghouse. 

“A Simple Pickup Camera Attachment for 
Television Receivers”—V. K. awetrain. 
L. E. Flory and W. S. Pike, RCA Labs. 


B. Bronwell, J. —_, ¢ N=. Tt. Cc. 

Wang, and H. Wachowski, 

ciety for Engineering ovine” - 

win, C. M. Johnson, Johns = 

U., and W. M. Waters, Bendix Radio. 

“Guided Wave Propagation Through Fer- 
rites and Eleetron Gases in Magnetic 
Fields”—L. Goldstein, M. Gilden, and J. 

: Etter, U. of Illinois. 

‘Cavities with Complex Media”—A. D. Berk 
and B. Lax, MIT. 

‘ ce in Cavities with Complex Me- 
dia”—B. Lax and A. D. Berk, MIT. 


REMOTE CONTROL SYSTEMS 


“The O tion of a Digital Real Time 
Simulator”—H. J. Gray, Jr., U. of Penn- 
sylvania. 

“Control System Engineering —_ to 
) % = J. in, R. 

Jeska and E. B. Therkelsen, U. of Michi- 


an. 

<ahcperimental Evaluation of Control Sys- 
tems by Random-Signal Measurements’— 

«a; W. Seifert, MIT. 
Te Dect of Sasled alt Soe 
1) pled- oe 
W. K. Linvill and R. W. Sittler, MIT. 
neralized Servomechanism Evaluation 
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loose... 
\ 


if the clamp is made by 


There is a Birtcher Clamp...or one can be designed 
... for every tube you use or intend to use. 


Regardless of the type tube or plug-in component your 

operation requires ...and regardless of the vibration 

and impact to which it will be subjected...a 

Birtcher Tube Clamp will hold it securely and 
rigidly in place. 


Catalog and samples sent by return mail. 


The BIRTCHER CORPORATION 


4371 Valley Bivd. Los Angeles 32, Calif 


Please send catalog and samples by return mail. 
Company 
Attention of: 
Address 

City 
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PILOT LIGHTS 


All the qualities needed for clear, 
positive indication are available 
in all Johnson Pilot Lights. Furnished 
from stock with full or controlled 

‘brilliance; faceted or smooth 
jewels, plain or frosted. Colors are 
clear, red, green, amber, blue 
or opal. 


WIDE ANGLE 


147-1220 UL Approved. For economical, 
continuous operation with neon or low 
powered incandescent bulbs. Double 
contact bayonet base contains series 
current-limiting resistor. Red, amber or 
clear Lucite cap transmits light with good 
efficiency. 


VARIABLE 
LIGHT INTENSITY 


147-1519 Camera type shutter. Rota- 
tion of jewel head varies light from full 
brilliance to off. Uses G6 double contact 
bayonet based bulb. Other types avail- 
able with polarized discs for light vari- 
ation. 


TRUE COLOR 
INDICATION 


147-1034 UL Approved. Internally 
frosted jewel with plastic backing color 
disc eliminates false indication from ex- 
ternal light. Color does not appear until 
lighted. Disc may be specially imprinted 
and arranged for continuous visibility or 
only when lamp is lighted. 


ECONOMY 
DETACHABLE SOCKET 


147-800 Chrome plated friction jewel 
holder. Lamp replaceable from front 
or rear of panel. Socket detachable from 
panel bushing. Insulated solder terminals. 
For miniature screw, candelabra screw 
or bayonet based bulbs. 


‘Send for Catalog 973 


Select Pilot Lights exactly suited to your 
needs from the complete Johnson line. 
Write us your requirements and we will 
be glad to suggest suitable selections. 


E. F. JOHNSON COMPANY 


CAPACITORS INDUCTORS, SOCKETS, INSULATORS 


208 SECOND AVENUE SOUTHWEST 


PLUGS, JACKS, DIALS, AND PILOT LIGHTS 


e WASECA, MINNESOTA 
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Filter Design Data 
for Communication Engineers 
By J. H. Mole. Published 1952 by John Wile, 


& Sons, Inc., 440 Fourth Ave., New York 16, 
N.Y. 252 pages. Price $7.50. 


It would be surprising if this hand. 
book on filter design did not receive a 
warm reception from engineers engaged 
in circuit design. This is a practical 
book, no effort being made to explain 
theoretical principles. As such, it should 
relieve the practical engineer of much 
of the labor that is often spent on 
routine calculations. The volume con- 
tains 127 drawings and charts, and 56 
tables, many giving specific design ex- 
amples. Chapters 1 through 7 cover the 
familiar symmetrical and dissymmetri- 
cal filters, impedance transformation, 
losses and terminal sections. Chapter 8, 
on Tchebycheff behavior of stop-band 
attenuation, is of notable interest, 
Chapters 9 through 12 include the ef- 
fects of dissipation, tolerances, tables of 
useful functions, and simpler filters. AJF 


Dictionary of Conformal 
Representations 
By H. Kober. Published 1952 by Dover Publi. 


cations, Inc., 1780 Broadway, New York 19, 
N.Y. 224 pages. Price $3.95. 


The use of conformal transformations 
is a significant aid in simplifying the 
analysis of two-dimensional electric and 
magnetic fields. Difficult problems be- 
come more amenable to solution because 
the actual coordinates are represented 
by an equivalent system which per- 
mits the field’s characteristics to be com- 
pared with familiar geometries. 

This handy reference should be of 
inestimable aid, not only to the electri- 
cal engineer, but to the aerodynamicist 
and physicist as well. Incorporating 447 
diagrams, the book contains a large 
number of transformations which are 
classified according to their analytic 
functions. These time-saving setups 
should eliminate much of the laborious 
work involved in deriving a particular 
configuration. Of notable value are the 
linear, bilinear and Schwartz-Christo- 
phel transformations. This unique 
volume, originally prepared for the 
British Admiralty, effectively fills the 
need for an aid in solving Laplace’s 
equation in two dimensions, and is 
highly recommended. AJF 


Advanced Antenna Theory 


By Sergei A. Schelkunoff. Published 1952 by 
John Wiley & Sons, Inc., 440 Fourth Ave., 
New York 16, N.Y. 216 pages. Price $6.50. 


The engineer and mathematician en- 
gaged in antenna work should find this 
authoritative work a valuable addition 
to their collections of technical books. 
Of necessity, this is a somewhat sophis- 
ticated book, the problems of advanced 
antenna theory often being of an in- 
herently complex nature. The primary 
contribution of this work is the concise 


tation of mathematical methods 
for solving antenna problems, includ- 
ing material which has not been pub- 
lished previously. Where possible, the 
author stresses the resemblance and 
compatibility with established circuit 


theory. 

The book is divided into six main 
sections. Part 1, discussing spherical 
waves, covers Maxwell’s equations, 
1 transmission lines and other “ground- 
work” material. Part 2, covering mode 
i. theory of antennas, is the core of the 
a work and makes up one-third of the 
ed volume. Included are the author’s theory 
al of conical. antennas and thin antennas 
in of arbitrary shape. The remaining sec- 
d 


It tions encompass spheroidal antennas, 
ch integral equations, cylindrical antennas, 
on and natural oscillations. Inserted be- 
n= tween the main text and appendixes 
56 are 44 interesting problems and their 
K= answers, rounding out a highly instruc- 
he tive and reasonably comprehensive 
i- volume. AJF 

n, 

8 BOOKS RECEIVED 

ad Television Factbook No. 16 

st. Edited by Martin Codel and staff. Published 
f. 1953 by Television | = ee Wyatt Price 
f Washington 5, 

be Compilation ban Geatiers of post- 
IF freeze TV stations and applications, mar- 


kets, statistics, manufacturers, personnel, 
trade associations, publications, and map 
of network interconnections. 
Proceedings of the National 
i. Electronics Conference—1952 


“ 8, National Electronics gen 852 
83rd Street, Chicago 19, Illinois, 835 


ns es, Charts, Diagrams, Tables, 914 a 
a % inches, case bound, $5.00. This boo 

contains all of the 97 technical papers pre- 
nd sented at the 1952 conference covering 


p- electronic research, development, and ap- 

plication in antennas, the assembly and 
se measurement of components, audio, cir- 
od cuits, codin: ing and record: techniques, 

computers, delay lines and test equip- 
ro ment, electronic instruments, engineering 
n- management, industrial measurements, 
magnetic amplifiers, memory tubes, radar, 
radio navigation, reliability of components 
of and uipment, semiconductors, servo- 


. mechanism, television, transistors, and 

‘l- waveguides. Volumes 2, 4, 5, 6 and 7 for 

ist cong ae conferences may also be obtained 
or $5.00 per copy. 

AT 

ge . ° 

wt Radioactivity Measures 

tic Semiconductor Impurities 

e The .use of radioactivity methods 


has greatly accelerated research in 


we semiconductor materials used in tran- 
sistors, according to Dr. George H. 
ue Morrison of Sylvania Electric Products 
os Inc. It is possible to measure impurities 
ws of one part in 100 million by radio- 
5 activity methods in germanium. Con- 
is ventional chemical methods of meas- 
urements are ineffective at these ex- 

tremely low concentrations. 
Containers, called boats or crucibles, 
made of the purest available graphite, 
by are irradiated with neutrons in the 
te nuclear reactor at the Brookhaven 
rd National Lab. The containers are then 
ii used in the melting of the germanium 
are metal. The small amounts of radio- 


wy active impurities in the container are 
transferred to the germanium during 


nd the melting process. The amounts trans- 

my ferred may be determined by the 

ry standard methods of measuring the 

we intensity and rate of decay of the 
radioactive emission. 
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TODAY’S COMMUNICATION TREND 


IS TOWARD SINGLE-SIDEBAND 


gna ay 


a SOREN | at I eS lena pe en PR Sere eae 


a 
7 mee 


——————— 
i nadia TER Set Fea HIE e+ cals ht 


SINGLE-SIDEBAND 
RECEIVER 
MODEL 47 y 


See yon at the show 


BOOTH 
4-808 
1.R.E. SHOW 
GRAND CENTRAL 
PALACE - N.Y.C. 
MARCH 23-26 


é. RIPLE-DIVERSITY 


SINGLE-SIDEBAND 
MODEL 155 


The Crosby Triple-Diversity Single-Sideband Receiver, Model 155 
(left), and Single-Sideband Receiver, Model 47 (right), provides the 
ultimate in performance for long-range radio reception. Receives all 
forms of double and single-sideband transmission including reduced- 
carrier single-sideband transmission and amplitude-modulation or phase- 
modulation transmission. 

For program, voice, tone-multiplex and twin-channel operation: 
optimum performance in rejecting interference; protected against 
jamming; precision performance. 

J The equipment is approximately one-third the size, weight and cost 
of single-sideband receiving equipment heretofore available, yet pro- 
vides a new standard of performance under severe conditions of 
interference and fading. 

The complete triple-diversity equipment, Model 155, is contained in 
one standard-size cabinet rack. The Model 47 single-sideband receiver 
requires only 28” of vertical panel space. 


® Send for our descriptive booklets on this 
equipment, giving complete details. 


CROSBY LABORATORIES, Inc. 


ROBBINS LANE e HICKSVILLE, N. Y. 


ane ea AEE. Sack Secs esos FE smc ae 


Tikka 


Measure, Cut and Strip 
Insulated Wire 


Automatic MACHINES 


on ARTOS 


Does your production require cutting and stripping of insulated 


electric wire, cotd, cable, etc.? 


You can produce finished leads much faster ...as many as 3000 
per hour in 15-in. lengths...on this Artos Automatic Machine. 
Substantial savings are obtained over the best manual or semi- 


automatic methods. 


Operation is fully automatic—wire is taken from the reel, meas- 
ured, cut to length and stripped at one or both ends. Unskilled 
help can handle the machine. Set-up is easy for different wire 
types, cut lengths and stripped lengths. 


MODEL CS-6E CAPACITY 


Finished Pieces Per Hour—From 3000 
per hour up to 15 in. lengths to 500 
per hour in 64-97 in. lengths. 
Maximum Stripping Length—11 in. at 
each end (greater stripped lengths are 
special). 

Maximum Cutting Length—97 in. 
Minimum Cutting Length—2 in. (also 
as short as % in. under certain condi- 
tions). 


Types of Wire Handled— Practically 
all types of solid or stranded single 
conductor wires, parallel cord, heater 
cord, service cord, etc. 


Maximum Wire Size—No. 10 stranded 
or No. 12 solid. 


| PAR DL 


2753 S. 28th St. 


| 142 


Other Artos Machines 


The complete line of Artos auto- 
matic wire cutting and stripping 
machines will handle cut lengths 
from 1 in: to 60 ft., stripped lengths 
to 64 in. at one end and 814 in. at 
the other, wire from No. 12 to No. 
000 gauge, and up to 3600 pieces 
per hour. Ask for recommendations 
on your problems. f 


WRITE FOR BULLETIN 


Get the complete story. 
Write for Bulletin 35-C 
on Artos Model CS-6 
machines. 


Automatic Wire Cutting and Stripping 


Milwaukee 46, Wis. 


CR Tube Presentations 
(Continued from page 90) 


from 1.4 to 3.0 for various P7 phos- 
phor screen compositions and proc- 
essing. For RCA screen material . 
having a ZnS to CdS composition 
ratio of 82 to 18, the accelerating 
voltage exponent was determined 
experimentally as 2.5 for accelerat- 
ing potentials in the range 1.5 to 6.0 
kv. This figure will be used. 

Having calibrated the various 
nonlinearities which limit the peak 
brightness of the pip it is now pos- 
sible to calculate peak brightness, 
However, the mere multiplication of 
the light per excitation by the num- 
ber of excitations per second will 
not give the amount of light emitted 
per second nor average brightness. 
It is necessary to modify an 
expression which defines saturation 
brightness for conditions of repeti- 
tive pulse excitation. The peak 
brightness reached during one target 
scan can be obtained by multiplying 
CRT brightness by the buildup fac- 
tor obtained from Fig. 6, but during 
the remainder of the frame time no 
more pulses will be received to ex- 
cite the same spot on the CRT 
phosphor and the brightness will de- 
cay according to the curve of Fig. 3. 
Since the major part of the light 
energy is contained under the ex- 
ponential curve having an a of —1, 
this approximation was used to cal- 
culate the curve of Fig. 7 which 
shows the relationship between 
target scans per second and the total 
light output. The total light output 
can be obtained by multiplying the 
peak brightness by the Scans per 
Second Factor, S, derived from Fig. 
7. This factor varies from a very low 
value at low scan or frame rates to : 
near unity at ten or more scans per 
second. 

The total light energy and hence 
the visual stimulation of a radar 
presentation as a function of time 
and radar parameters can now be 
written. Since this expression is a 
measure of the visual stimulation 
derived from a radar system CRT 
presentation, it can also be con- 
sidered as a radar system presenta- 
tion quality factor for comparison 
with other radar systems. 

Effective Pip Brightness— 
19.8(10-°) IE?FBS Foot Lamberts 

Effective 
where 19.8(10-°) is a constant char- 
acteristic of the P7 phosphor 

I is effective CRT screen current 
density in ya/cm? derived from Fig. 


E is CRT final anode accelerat- 
ing voltage, volts 

F is the Excitation Time Bright- 
ness Factor, from Fig. 5 
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B is Brightness Buildup Ratio 

from Fig. 6 
S is the Scans per Second Fac- 

tor from Fig, 7 

Having arrived at the effective 
brightness of the radar presentation 
it is now necessary to consider those 
factors which degrade the ability of 
the observer to see the pip, namely, 
receiver noise, background light and 
size of the pip and presentation. 

Subjective tests indicate noise 
level, from whatever source, ad- 
versely affects perception time in 
two ways. It increases the average 


field brightness of the CRT, thus 


decreasing contrast ratio, and it 
clutters up the presentation result- 
ing in considerable confusion to the 
operator. Under conditions of low 
ambient light, noise brightness 
about two-thirds pip brightness, and 
noise pips the same physical size as 
signal pips, perception time with 
noise increases by a factor of two 
on a l-in. presentation and by a 
factor of more than seven on a 6-in. 
presentation. Since the resultant 
deterioration of CRT intelligence 
perception due to noise is consider- 
ably dependent upon a particular 
radar system and upon the method 
of utilizing the receiver signal for 
the CRT display, it is not possible 
to take noise into consideration in 
a general formula for perception 
time. Needless to say, its effects 
should be reduced to a minimum 
by the best techniques available. 
The light reflected from the CRT 
phosphor is equal to the brightness 
of the ambient light, A, times the 
coefficient of reflectivity of the CRT 
phosphor. In optics, contrast ratio is 
expressed as the difference between 
the brightness of the object and the 
brightness of the background, 
divided by the brightness of the ob- 
ject. On the CRT the “object” is a 
pip whose intensity is equal to the 
phosphor brightness, P. plus the re- 
flected ambient light brightness, Ar 
where r is the coefficient of reflec- 
tivity of the phosphor. When inci- 
dent light falls on the CRT face 
plate at an angle, 9, then the effec- 
tive incident light is A sin ®, and 
the reflected light is Ar sin 9 and 
P 
P+ Arsin 0 
Contrast ratio is a major factor in 
determining what can be seen and 
the time necessary to see it, Al- 
though it is recognized that the abil- 
ity to see also depends upon the 
absolute brightness of the pip and 
its background, in radar displays the 
range of brightness of the pip en- 
countered in normal displays is not 
very great and hence as a close ap- 
proximation it is possible to use 
(Continued on page 144) 


Contrast: Ratio = 
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KLEIN 


QUALITY PLIERS 


SPECIAL 


FOR THE ELECTRONICS INDUSTRY 


Now, Klein quality pliers are 
available in new compact pat- 
terns for precision wiring and cut- 
ting in confined space. Note, too, 
the replaceable leaf spring that 
keeps the plier .in open position, 


LONG NOSE PLIER 
307-5-Yal —Extremely 
slim pattern ideal for 
the really tight spots. 
Jaws are knurled to in- 
sure a positive grip. 


4 


ready for work. All are hammer 
forged from high-gradetoolsteel, 
individually fitted, tempered, 
adjusted and tested—made by 
plier specialists with a reputa- 
tion for quality “since 1857.” 


OBLIQUE CUTTING 
PLIER — 210-51 — For 
cutting small wires or 
trimming plastic. Entire 
length of cutting knives 
works flush against cut- 
ting surface. 5 
or 6-inch sizes. 


CHAIN NOSE PLIER 
317-5L—A full inch 
smaller than standard 
pattern. Has a very fine 
knurl that will not dam- 
age soft wire. Also 


available with- 


LIGHTWEIGHT 
OBLIQUE CUTTING 
PLIER 209-5 —Smaller 
than 210-5L with an ex- 
tremely narrow head. 
Entire length of cutting 
knives works flush 
against cutting surface. 


out knurl. 
TRANSVERSE END 
CUTTING PLIER 
204-6— Useful in pre- 
cision work where or- 
dinary oblique or end 
cutters are too bulky. 
Gives a clean, flush cut. 


This Klein Pocket Tool 
Guide gives full infor- 
mation on all typesand 
sizes of Klein Pliers. 
A copy will be sent 
without obligation. 


“Since 1857" 


DUCK BILL PLIER 
306-5-Ya—This com- 
pact plier has jaws of 
sufficient width to hold 
small springs, yet small 
enough to form wire in 
confined places. 


ASK YOUR SUPPLIER 


Foreign Distributor: 
International Standard 
Electric Corp., 

New York 


4 a Mathias mmm LEING 


SPE Oe aa ene, 


rt 


es Oe ret a tae 


Ce ee ee ee eee 


TRANSMISSION LINES FOR AM-FM-TV- 
ANTENNA EQUIPMENT * ANTENNA TUN 


Andrew’s vast experience 
produces the most advanced 


TV Transmission Line 


t 


Request Andrew Nomographs in 
Bulletin 81 for direct graphical 
computation of efficiency of 10 to 
2000 foot runs of line. 


Ardrew 


CORPORATION 


363 EAST 75TH STREET, CHICAGO 19 
ANTENNA SPECIALISTS 
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contrast ratio as a single criterion 
and plot a series of empirical curves 
as shown in Fig. 8. In this fi 
perception time in_ seconds jg 
plotted as a function of contrazg; 
ratio. The figures on the curves 1, 2 
4, etc. indicate the distance jp 
inches between the spot where the 
operator is concentrating his atten- 
tion and the spot where the pip ap- 
pears. In the extreme case this dis- 
tance is the display size. It will be 
noted that perception time, at low 
contrast ratios, increases very 
rapidly as the display size increases, 
Since perception time, in itself, is 
difficult to measure, the perception 
times of Fig. 8 also contain an aver- 
age reaction time of 400 milli- 
seconds. 

The relative ability of the ob- 
server to see pips of various sizes 
was investigated and it was found 
that, at viewing distances of 14 in, 
and at constant brightness, pip size 
in the range 0.06 to 0.50 in. had no 
appreciable effect on seeing time or 
the ability to see. This situation 
held for viewing distances of 14 in, 
or less, whereas at viewing distances 
greater than 20 in. the optical “vis- 
ual angle” effect became prominent. 

Using the method of display eval- 
uation described in this study, the 
brightness and perception time of 
several modern radar equipments 
was calculated and then measured. 
In all cases, for both search and 
track mode, the calculated results 
agreed with the measurements 
within a maximum error of 25% 
provided care was taken to obtain 
accurate radar system characteris- 
tics. Typical values for pip bright- 
ness were: in search mode—1.5FL; 
in track mode—9 FL. Since the ra- 
dar systems used to check the for- 
mula had widely different charac- 
teristics, it is assumed that good re- 
sults will be obtained on present and 
contemplated radar systems in gen- 


eral. 


The work described in this paper was per- 
formed on Air Force Contract AF33 (038) 
23309. The author wishes to express his ap- 
preciation to his colleague, H. S. Jackson’ 
who was responsible for much of the sub- 
jective testing. 
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Transistor Oscillator 


(Continued from page 93) 
is Determinations of the frequency 
rast stability with changes in tempera- 
2, ture and supply voltage have indi- 
in cated that the frequency varies ap- 
the proximately 1 part in 10° per degree 
en- C, and 1 part in 10* per 0.10 volt. The 
ap- transistor oscillator was also com- 
dis- pared with the standard oscillators 
be controlling the transmissions of 
low WWV. Short time variations were 
‘ery about + 3 parts in 10'° and the long 
SES, interval drift—in days—indicated 
» is changes of about 3 parts in 10° per 24 
tion * hours. These figures are comparable 
fon to those obtained from vacuum tube 
illi- standard oscillators, particularly at 
the time of their initial installation. 
ob- Fortunately, frequency drift in the 
1Z€s quartz-crystal unit of a conventional 
und type standard oscillator normally de- 
Be creases with age. It should also be 
size noted that because the transistor 
| no oscillator has just recently been de- 
> veloped, no data exist in regard to 
tion long-time stability in terms of years. 
+ in, The compactness of the transistor 
Bex. oscillator lends itself to more con- 
vis- venient and portable temperature 
ent. control measures. Heretofore stand- 
val- ard quartz oscillators or quartz 
the clocks have required relatively com- 
of plex temperature control apparatus 
ents (operating at temperatures up to 
red, 60°C) and special high-reliability 
and power sources. 
ults Tests were conducted on the new 
ents transistor oscillator with the com- 
25% plete unit operating at 0°C. Reason- 
tain able temperature stability was 
TIS- achieved by merely placing the os- 


ght- cillator in a Dewar flask containing 
FL; crushed clear ice. Among the results 


ra- was an indication that the reduced 
for- temperatures were responsible for 
rac- reducing drift and increasing the Q 
re~ of the quartz crystal unit. Thus, it 
and now becomes possible to make avail- 
en- able a readily-portable continuously- 


oscillating frequency standard. 


per- 

(038) ; 

5 ap- High stability quartz crystal unit for frequency 
‘son’, standards, P.. Griffin, Bell Lab. Record 30, 


J. 
No. 11 (1952). 
New — ve 


New NARTB Seal of Good Television Practice 
Contains address of Television Code Board 
fo enable viewers to write in comments on 
Programs they consider objectionable. 


to 


AO Cannon Type AO Series connectors are man- 
ufactured under the latest specification pertaining to 
electrical systems for military vehicles and associated 
external electrical equipment. “AO” connectors will 
mate with standard “AN” fittings. Are ideal for heavy 


duty industrial use. 


This new series is designed to withstand extreme 
conditions of temperature, moisture, dust, vibration 
and shock. Shell material is aluminum alloy with nat- 
ural iridite finish. Insulators are of a special molded 
resilient material having high dielectric strength, me- 
dium oil resistance and will not support combustion. 
Resilient grommet provides moisture proofing over 


solder terminals. 


For engineering data, request Bulletin AO-1952. 


ARMY ORDNANCE 
specification 


See Cannon Electric Booth id 
#2-512 Radio Engineer- | 
ing Show. March 23 to 26. | 
Grand Central Palace N. Y. | 


5, Raina ciple eina ie sem 


MEER te RN diy pag te 


SOCKET INSERT 
ASSEMBLY TYPE AO-RA0O eee oe 
U 


WITH GRO 
RETAINING NUT 


SOCKET INSERT 
ASSEMBLY TYPE AO-RBO2 


TYPE AO-PA06 WITH 
MMET 


PIN INSERT ASSEMBLY 


Seapine waa sas 


AO TRAILER RECEPTACLE 


DUST CAP AO SLAVE RECEPTACLE 


TYPE AO-22 ANGLE 90° 
ELBOW 


WRITE FOR BULLETIN 
AQ-1952 


CANNON ELECTRIC 


Since 1915 


Factories in Los Angeles, Toronto, New Haven, Benton 
Harbor. Representatives in principal cities. Address in- 
quiries to Cannon Electric Company,Dept. C-201, P. 0. 
Box 75, Lincoln Heights Station, Los Angeles 31, Calif. 
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CANNON 
ELECTRIC 


Sided ig RS AR ta aaa nll Oa — Lapel ta ty en aa ioe tates 


BERKELEY announces 


| 


another First”... 
a direct reading digital 
0-42 megacycle 


frequency meter 
MODEL 5570 


&&, 
eS 


3 Accuracy: 1 part in 107, +1 count 
3 Direct-reading digital indication 
3 A complete instrument in one package. 


Wide Application... transmitter frequency monitoring, 
crystal checking, general laboratory and production 


line use wherever rapid, precise frequency determi- 
nation is desired. 


On Display at the IRE Show, New York 
March 23-26 — Booths 302 and 304, Fourth Floor 


Tes ama a 
oe Scientific 


BECKMAN INSTRUMENTS INC 
2200 WRIGHT AVENUE e RICHMOND, CALIFORNIA 


“*DIRECT READING DIGITAL PRESENTATION OF INFORMATION”’ 
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& ‘ MANUFACTURERS 


Ke. REPS 


I. R. Ross, president of Credda, Inc, 
national distributors of electronic and 
aeronautical equipment, has formed a 
new company, Ross Associates, 19 W, 26 
Street, New York, N. Y., which is rep. 
resenting manufacturers of electronic 
equipment nationally. 

Staver Co., Inc., Bay Shore, L. LN 
manufacturer of tube shields and other 
electronic components, has announced 
the appointment of The Frank A, Em.-. 
met Co., 2837 W. Pico Boulevard, Los 
Angeles, Calif. as the company’s west 
coast rep. 

Helipot Corp., South Pasadena, Calif, 
has appointed J. S. Root, 290 Lawrence 
Ave. West, Toronto 12, Ont., Canada, as 
its factory representative for the Do- 
minion. Bivens and Caldwell, Security 
Bank Building, High Point, N. C., has 
also been appointed Helipot representa- 
tive for Tennessee, North and South 
Carolina, Kentucky, Georgia and Ala- 
bama. 

Bittan-Shafer Sales Co., manufac- 
turers’ representatives of electronic 
parts, television and radio has been 
formed by Harry Bittan and Peter Sha- 
fer with offices and showroom at 120 
Liberty St., New York, N. Y. Sales ac- 
tivities will cover the metropolitan New 
York and northern New Jersey area. 

Dan J. Connor Co. is now occupying 
new and larger offices at 1346 Suburban 
Station Building, Philadelphia 3, Pa. 

Ram Electronics Sales Co., producer 
of test-pattern tested flybacks, deflec- 
tion yokes, width and linearity coils, 
and other components for television, 
has announced the appointment of 
Stan Cluphf & Assoc., 4265 Santa Fe 
Drive, Littleton, Col., as sales reps for 
the territory of Colorado, Utah, Wyom- 
ing, Montana, New Mexico. 

Pinkney & Hine, 522 Plymouth Build- 
ing, Minneapolis, Minn., is the new 
selling agency for technical products 
of Allen B. DuMont Laboratories, Inc. 
in North and South Dakota, Minnesota, 
Northern Wisconsin and the Michigan 
Peninsula area. 

Harold A. Moyer, formerly assistant 
sales manager of the Astatic Corp., has 
announced his entry into the manufac- 
turer’s representative field. He will 
handle several accounts from the late 
Ray Schottenberg and will cover the 
middle Atlantic area. Present address 
is P. O. Box 14, Haddonfield, N. J. 

Samuel C. Hooker, 397 Highland Ave., 
Winchester, Mass., has been appointed 
sales representative in the New England 
States for the Hammarlund Manufac- 
turing Co., Inc., of New York City. 

Stanley K. Wallace Sales Agency of 
Lutz, Fla., whose activities cover the 
states of Alabama, Florida, Georgia, 
Mississippi, North & South Carolina, 
Tennessee and Virginia, have relin- 
quished all automotive lines. Hence- 
forth, all sales activities will be con- 
centrated on electronic lines. 


Crosstalk / 


(Continued from page 81) 
sible to include some unbalanced 
circuits in the system, provided the 
level is not too high, although this 
is always a rather dangerous prac- 
tice. The main unbalanced circuits 
in the C.B.C. installation were firstly 
the main switching system itself, 
which was equipped with repeating 
coils on both inputs and outputs so 
that the area of unbalance could be 
strictly localized, and secondly, the 
cueing system in which the unbal- 
anced circuits made the trip down 
to the distribution frame and back 
without apparently causing any 
trouble, but this must be regarded 


Fig. 5: The “Whiffiedink” is a differential 
ohmmeter for detecting grounded conductors 


more as good luck than good man- 
agement. In all cases where un- 
balanced circuits are used, consider- 
able care must be taken in laying 
out the common ground in order to 
reduce to a minimum the area of 
any loops formed. In general, the 
program and ground leads should be 
be carried along together wherever 
possible. 

Of the 180 amplifiers in the Master 
Control Equipment, all but five have 
bridging inputs, with impedances in 
the range between 15000 and 20000 
ohms, At first, this was attained by 
the use of series resistors in each 
leg of the input circuit, feeding a 
5000 ohm winding on the input 
transformer. As this winding was 
neither center tapped nor shielded, 
this arrangement caused a great deal 
of trouble, which was not cured 
until the wiring had been changed 
to provide a 20,000 ohm winding, 
without any series resistors. Another 
possible source of crosstalk in instal- 
lations which include several ampli- 
fiers is magnetic pickup from the 
output transformer of one amplifier 
to the input transformer of another. 
This can be avoided either by ade- 
quate magnetic shielding, or by the 
adoption of humbucking construc- 
tion or both. 

To conclude this brief survey of 
ways of avoiding crosstalk, we may 
indicate the results which were 

(Continued on page 167) 
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NOW....°:.. 


with 500 times better 


moisture resistance 
than ever before! 


Sangamo HUMIDITITE* Mica Capacitors 


When you use Sangamo HUMIDITITE 
molded Mica Capacitors, you gain all the 
advantages of an amazing moisture seal 
that offers previousiy unheard-of moisture 
resistance characteristics for compression 
molded plastic-encased mica capacitor 


components. 


*what is HUMIDITITE? 


Humiditite is a remarkable new plastic molding compound, 
developed by Sangamo, that gives Sangamo Mica Capacitors 
moisture resistance properties far superior to any others on 
the market. 


HERE’S THE PROOF... The standard mois- 


ture resistance test described in 
MIL-C-5A (proposed) Specification re- 
quires mica capacitors to offer at least 
100 megohms of insulation resistance 
after ten 24 hour cycles in a humidity 
chamber at 90% to 95% relative humid- 
ity. The best competitive micas barely 
meet this requirement . . . but Sangamo 
HUMIDITITE Micas, under the same 
conditions, all tested in excess of 50,000 
megohms! Continued tests, over and 
above requirements, with the same 
HUMIDITITE Micas, proved them 
capable of withstanding from 21 to 52 
cycles (from the smallest sizes to the 


‘ largest) before failure. 


Humiditite is just another example of 


the advanced engineering that enables _ 


Sangamo to meet the existing and future 
needs of the electronic industry. For 
additional information about HUMIDI- 
TITE, write for Engineering Bulletin 
No. TS-111. 


Thats wherkrotinr qi choose Sangam 


SANGAMO 


ELECTRIC COMPANY 
MARION, ILLINOIS sess 
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we don’t shrink heads... 
but we do shrink 


Transiormars 


If you think Jivaro Indians were experts at 
shrinking things . . . (human heads, that is)... 
look what STANCOR engineers have done with 
transistor transformers! Recently they 

designed and are now producing the smallest 
transformer ever built! 


How big is this new transformer? Well, it’s just 
Yy" x 3%” x 3%" and it weighs only 0.07 

ounce. Designed especially for transistor 
applications, this unit is no larger than the 
transistor it powers. 


It is one of a series of transistor transformers, 
being built by Stancor, for development and 
commercial applications. If you are planning to 
use transistors, take advantage of Stancor’s 
knowledge of engineering and manufacturing of 
ultra-miniature transformers. 


STANCOR 
TRANSISTOR 
TRANSFORMERS 


These stock transistor transformers are available 
through your Stancor distributor: 


TYPE APPLICATION | PRIIMP. | SEC. IMP, 


| 
UM-110 | Interstage } 20,000 1,000 
| 


UM-111 Output or matching 1,000 60 
UM-112 | High imp. mic, to | 
emitter 200,000 1,000 


Other transistor transformers, built to your special 
requirements, are available for original equipment 
production only. Write for Bulletin 462. 


STANCOR TINYTRANS 
Miniature, cased audio transformers 


Here are four new cataloged high fidelity transformers 
for use where space is at a premium. These units have 
a frequency response of +1 db, 30—20,000 cps. They 
are impregnated and sealed in a 7%” square, drawn 
aluminum can, with %” terminals mounted on a 
phenolic terminal board. Total height is 114’. 


TYPE APPLICATION PRI. IMP. SEC. IMP. 


TT-11 | Mic., pickup or line | 50, 200/250, | 50,000 
to’ single grid. 500/600 


TT-12 | Mic., pickup or line | 50, 200/250, 50,000 
to push-pull grids. | 500/600 


TT-13 | Dynamic mic., to 7.5/30 50,000 
single grid. ; 

TT-14 | Single plate to 15,000 60,000 
single grid. 


Ask your Stancor Distributor for Bulletin 463 on Stancor Tinytrans, or write us for your free copy. 


A? STANDARD TRANSFORMER CORPORATION 


3572 ELSTON AVENUE e CHICAGO 18, ILLINOIS 
EXPORT SALES: Roburn Agencies, Inc., 39 Warren Street, New York 7, N. Y. 
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se PERSONAL 


* 


LLL ME EMTS iT ED 


Leslie Norde has joined the Ham. 
marlund Manufacturing Co., Inc, of 
New York City as chief receiver ep. 
gineer. He was formerly senior proj. 
ect engineer at Northern Radio Cor, 


Arthur L. Chapman has assumed the 
newly-created post of vice president in 
charge of electronics operations of 


Arthur L. Chapman 


Sylvania Electric Products, Inc. He will 
be responsible for the operations of 
Sylvania’s radio and television, parts, 
electronics, radio tube and _ television 
picture tube divisions. 


Terrell W. “Tex” Kirksey has been 
named chief engineer of KDUB-TV, 
new DuMont equipped station in Lub- 
bock, Texas. He was formerly a sales 
engineering consultant for Allen B. Du 
Mont Laboratories, Inc. in the South- 
west. 


Henry F. McKenney has been named 
chief engineer of the Ford Instrument 
Co., division of the Sperry Corp. Form- 


Henry F. ihiiany 


erly he specialized in airborne equip- 
ment and holds four patents with eight 
more pending on magnetic amplifiers, 
servomechanisms and electronic equip- 
ment. 


John Silver, general manager of 
Motorola’s communications and elec- 
tronics division, has been named vice- 
president in charge of operations, com- 
munications and electronics division. He 
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came to Motorola in 1944 and was ap- 
pointed general manager of communi- 
cations and electronics in 1949. Prior 
affiliations included 12 years in engin- 
eering with Crosley Radio Corp., and 
years as chief production en- 


— for Collins Radio Co. Cedar 
leak Rapids, Iowa. 

2. of Henry Fogel, formerly manager of 
ene commercial products division for the 
proj- Radio Receptor Co., Inc., has been ap- 


ted president of Granco Products, 
Inc, 36-17 20th Ave., Long Island City 


5 


1 the 5, N. Y. The company was recently or- 
nt in i for the design, manufacture 
3 of and distribution of converters for ultra 


high frequency television reception and 
UHF measuring instruments. 


R. W. Clark who has been appointed 
director of engineering for KONA-TV 
at Honolulu, has been associated with 
NBC radio and television networks for 
the past 22 years. In 1945, he was TV 
operations supervisor for NBC in New 
York. In 1948, he was transferred to 
Hollywood to become manager of 
NBC’s television technical operations 
and to put KNBH television on the air. 


Leonard A. Rooney has been ap- 
pointed manager of communication 
equipment sales of Raytheon Manu- 


eee, ey 


3 of 

arts, 

sion 

een 

TV, 

jub- 

ales 

Du Leonard A. Rooney 

ith- facturing Co., Waltham, Mass. He will 
be responsible for all sales of Raytheon 

med communication and television micro- 

rent wave link equipment. 


rm- Matthew T. Lebenbaum has been ap- 
pointed supervisor of the newly formed 
applied electronics section in the re- 
search and engineering division of Air- 
borne Instruments Laboratory, Inc., 
Mineola, L. I., N. Y. Peter D. Strum has 
been appointed assistant supervising 
engineer of the new section. 


L, E. Ashman has been elected presi- 
dent and a director of Air Associates, 
Inc, 25-year old firm manufacturing 
aircraft parts and special purpose elec- 
tronic equipment. Previously, he was 
executive vice president of the Rock- 
well Mfg. Co. 
William A. Damerel has been ap- 
pointed vice president of La Pointe 
ip- Electronics Inc. Milby M. Hancock, 
ght formerly general manager of the con- 
ers, cern, has been elevated to the position 
ip- of assistant to the president. 


Robert J. Rorden has been appointed 
of chief engineer for Gertsch products, 
Inc, Los Angeles. Previous affiliations 
were with Point Mugu government 
‘fm and Dalmo Victor Co., San Car- 


sank 


BS 
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SOCKET MS: 
Among recent additions to the METHODE 
line are a number of innovations and 
improvements whose worth has been 


quickly recognized by electronic 
designers and producers. 


The following are a few 
of the new accessories 
which have already 
found high @oduc- 
tion applications. 


Tube Socket for 


Printed Circuits 
‘‘Twist-on’’ Tube 


Shield Bases 


“Twist-On" type of tube shield and 
base, which can be mounted 
separately or in combination 
with molded sockets, as il- 
lustrated. Projecting lugs on 
shields provide direct 
ground to chassis under 
screw pressure and a 
reliable shock and 
vibration proof 
mount, 


Miniature, octal and noval units with 
simple, time-proven design features 
providing reinforced mechanical 
spring contact with printed con- 
ductors, easily supplemented by 
solder dip operations. Insula- 
tors are heat resistant black 
phenolic and hardware is 
cadmium plated copper 
base alloy. Available 
with or without tube 
shield terminals, 
ground straps, and 
jumper bars. 


Laminated Miniature 
Tube Sockets 


With softer alloy tube pins resulting from mate 
rial conservation measures, the wiping action of 
METHODE laminated miniature socket contacts provides 
uniform withdrawal of tubes without breakage, stress 
or damage to pins. . 


Industry may look to METHODE for further electro 
ments to assist in meeting the problem 

radio, television and communications ec 

wiring device applications which inve 


will meet an industr 


- METHODE Manufacturing Corp. 


2021 West Churchill Street * Chicago 47, Illinois 


District Sales Offices: 


Indiana, Ohio, Michigan 

V. C. Macnabb Indianapolis 

R. L. Colfax Fort Wayne 
California, Arizona 

W. $. Harmon Los Angeles 
New York State 


Texas, Oklahoma 

E. F. Aymond Co. Dallas Tulsa 
New England 

Gerber Sales Co. Boston New Haven 
Washington, Maryland, Virginia 

J. W. Whitfield Washington, D. C. 


M. P. Andrews Fayetteville (Syracuse) Canada 
Pennsylvania, Southern New Jersey Kelly-Heenan Co. Toronto 
D. T. Cooper Glenside (Philadelphia) Overseas Export 


New York City, Northern New Jersey 


Sylvan Ginsbury 
G. A. Boeck Mountain Lakes, N. J, 


8 West 40th Street, New York, N. Y. 
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Junction Transistors 
(Continued from page 99) 


each millampere of emitter curren 
provides 23 ma/volt of control. It jy 
apparent that careful stabilization of 
the operating point is required jp 
order to utilize the transistor capa. 
bilities. For comparison, vacuum 
tubes have a theoretical transcop. 
ductance-to-cathode current ratio of 
11.6 although in practice this rati 
is generally smaller than 1. 

The manner in which the trang. 
conductance of the transistor varies 
with base-to-emitter voltage jg 
shown in Fig. 7 which may be com. 
pared mentally with vacuum-tube 
transconductance curves. It is seen 


TEST SIGNAL 


OIFFERENTIAL NULL INDICATOR 


Fig. 9: Output admittance bridge test set 


that the transconductance has at- 
tractively large values. Returning to 
Fig. 6, a few other quantities in con- 
nection with this transistor are of 
interest. The forward current ampli- 
fication factor is —43.6; the forward 
voltage amplification factor is —2,520; 
and the forward power amplification 
factor is 27,600. The reverse current 
amplification factor is 0.085, the re- 
verse voltage amplification factor is 
1.48x10-*, and the reverse power am- 
plification factor is 31.4x10-*. As a 
matter of interest in so far as the 
application of this transistor is con- 
cerned, if both input and output are 
matched for maximum power ampli- 
fication, the input resistance is 438 
ohms and the output resistance is 
25,300 ohms. The maximum forward 
See Us at the Radio Engineering Show, Booth 4-613 Components Avenue power amplification is 40 db. 


’ Medium-Frequencies 


TE L - -T E C H As indicated before, the reactive 


effects of a junction transistor be- 
come significant at medium frequen- 
cies. It is therefore important to 
Cc L @] Ss Hy Re G D A T r Ss measure the admittance parameters 
as a function of frequency. This s 
: se be done by means of bridge circ 

of second month precedin . - ; 
say tle ment harem gel Al a ig in which both real and reactive com- 
ponents are balanced and measured. 
Ist of preceding month for complete plates only—no setting. For laboratory purposes, it has been 
convenient to build four separate 
20th of preceding month—Publication Date. bridges rather than to build one 
equipment as was the case for the 
General Radio Co. vacuum-tube 
bridge. The general arrangement for 
the y,,. admittance bridge is show! 


Cancellations not accepted. after Ist of preceding month. 


Caldwell-Clements, Inc., 480 texincToN AVENUE, NEW YORK 17- 
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in Fig. 8. It is seen that this is a con- 
yentional bridge arrangement with 
an unbalanced signal source and a 


rren, — balanced null indicator. R, and R, 
It iy & need not be equal, but it is generally 
onof & convenient to make them identical 
1d in & in which case the values of the y,,, 
rapa. ff network elements will be the same 


uum & as the transistor values. R, can gen- 
scon. & erally be chosen large enough so that 
tioof @ it has negligible effect on the bridge 
ratio & measurement. If desired, it too can 

be balanced out by connecting an 
rans. & identical resistor in the y,,,, network. 
aries B The y.-. admittance bridge is similar 
» is & to the y,,. admittance bridge and is 
com. & shown in Fig. 9. The same comments 
‘tube H made concerning the y,,,, admittance 
seen bridge apply for the y,,, admittance 
bridge. 

The y.», admittance bridge shown 
in Fig. 10, since it measures trans- 
fer admittance rather than self ad- 
mittance, is somewhat different 
from the preceding two bridges. In 
y the y.», admittance bridge, a test 
: s signal is introduced between the base 

and emitter of the transistor. This 
signal gives rise to a collector cur- 
ail rent which produces a signal across 
R,. Since there is a phase reversal 
through the transistor, the signal 
} at across R, can be balanced out by 
1g to B introducing a current directly from 
COn- the test signal through a suitably 


npli- pene Hh SERRE Sa PDE Pe on Te 7 


Le e 
‘ 4 A 
ation 5 ma re 


Vee 


rrent 

> T@= TEST SIONA : D amare 

or is a 4 =P. INDICATOR 
am- T au 

As a 

; the ‘Fig. 10: Forward transfer admittance bridge 
con- 


t are Yon network. The y,,, network is 
npli- adjusted until no signal appears 
, 498 across R, at which time the collector 
e is is short-circuited and y,, is given 
ward by the value of the y,,,, network ele- 

ments. The y,,.. admittance bridge 

shown in Fig. 11 is similar to the y,.,. 
cles & *dmittance bridge. The main dif- 

ference is that the short-circuited 
ctive base current is in-phase with the 
be- collector-to-emitter voltage so that 
uen- an accurately balanced test signal 
t to is required in order to operate the 
ters bridge. 


| can The bridge admittance networks 
cuits can consist of a resistive and a reac- 
om- tive element for point-by-point 
red. Measurements. It is sometimes pos- 


Deen sible to have the admittance network 
rate approximately duplicate the tran- 
one sistor admittance in which event, the 
the admittance network is a correct 
Tepresentation over a large fre- 
quency range. For this type of meas- 
(Continued on page 157) 


THEre’s aWMagmecorder 


ror every CLY/Nmumicaniiis 


Monitoring 


|-, 2-, and now 
4-channel Magnecorder 


ONE-CHANNEL MAGNECORDER —long accepted 
as the standard professional tape recorder 
in the communications and broadcast fields. 
Conversion kits quickly adapt your equip- 
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ONE-CHANNEL PORTABLE—the new VOYAGER, a 
one-case truly portable recorder of professional 
quality. A standard PT6-AH Magnecorder is 
mounted back-to-back with line level am- 
plifier which swings forward for instant use. 
Unsurpassed for remotes or field tests. Light- 
weight, rugged, reliable. 


TWO CHANNELS—The acclaimed new 
Binaural Magnecorder provides either 
two-channel monitoring or brilliantly real- 
istic 3-dimensional sound on one tape. Two 
simultaneous tracks accurately reproduce 
separate sounds or can provide stereo depth 
and direction, permitting one sound to be 
identified among many. The versatile dual 
channels can also be used for separate 
two-channel communications monitoring. 


ment for all special purposes. 


FOUR CHANNELS—The first automatic continuous recorder that monitors 
up to four channels at once on a standard 4” tape. Originally engineered 


and JANized for the CAA, it is adaptable for utilities and carriers, fire 


and police calls, airports and civil defense. 


INC, 


Visit us at the 1,R. E. Show Audio-Theatres, 301-303. 


225 West Ohio Street, Dept. TT3 + Chicago 10, Illinois 
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Constantly in Use... 
the 1953 


ELECTRONIC INDUSTRIES 


... the Directory for the engineers who annually specie 


Heres Why the 1953 ELECTRONIC INDUSTRIES 
DIRECTORY is Constantly in Use— 


* COMPLETE PRODUCT LISTINGS 


More than 1,900 different types of electronic and directory lists so many products. No other directory 
allied products are listed . . . so you can find who lists them in a way you can use so fasf. 
makes the product you need—insfantly. No other 


- EXTENSIVE TRADE NAME LISTINGS 


Contains thousands of trade names of electronic Makes it as easy as A-B-C to find the manufac- 
and allied products—fthe most comprehensive turer when you know only the trade name. 
trade name lists ever compiled in this industry. 


* UP-TO-DATE LIST OF MANUFACTURERS . 


Lists thousands of manufacturers in the electronic any directory—thanks to the tireless field investi- 
and allied industries—about a thousand more gations and constant scrutiny of new firms by the 
than in the next best directory listing. A great editors of TELE-TECH. 

many manufacturers are listed for the first time in 


* EXCLUSIVE LIST OF ELECTRONIC REPRESENTATIVES 


This is the only list in any directory devoted ex- bers of all independent “reps” throughout the 
clusively to electronic representatives. Arranged country. It is the most complete and authoritative 
alphabetically according to states and cities, it representatives list ever published. 


gives the names, addresses, and telephone num- 


* GEOGRAPHICAL LIST OF DISTRIBUTORS 


This is a complete interfiling of distributors—giving products handled. This complete and accurate list 
names of firms and their owners or managers, of electronic distributors is arranged alphabetically 
addresses, telephone numbers, and types and under states and cities. 


* EXCLUSIVE LIST OF CONSULTING ENGINEERS 
The 1953 ELECTRONIC INDUSTRIES DIRECTORY is dreds of thousands of engineers in America, these 


the only directory in the field publishing a list ccom- are the men you would call in to help you with 
posed exclusively of consulting engineers spe- your engineering problems. Names, addresses, 
cializing in the many electronic fields. Of the hun- and telephone numbers are given. 


* EXCLUSIVE LIST OF ENGINEERING SOCIETIES 


This is the first time that the names, addresses place. Now, when you want a technical paper or 
—and the names of the presidents and secretaries information from a society, you don’t have to en- 
—of all the engineering societies in the electronic gage in a long, laborious hunt to find the officers’ 
and allied industries, have been gathered in cne names and addresses—it’s all at your fingertips. 


CALDWELL-CLEMENTS Inc. 480 Lexington Avenue, New York 17, N. Y. 
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Because It's Constantly Useful 


DIRECTORY 


ey 


a section of the regular June, 1953 
issue of TELE- TECH 


edhore than $5,000,000,000 worth of electronic equipment 


953 
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Heres Why the 1953 ELECTRONIC INDUSTRIES 


DIRECTORY Is Constantly Selling for 


THE MANUFACTURER 


Because the 1953 Electronic Industries Directory 
lists more products, more trade names, more manu- 
facturers . . . because it’s far and away the most 
complete, accurate, and up-to-the-minute Direc- 
tory ever compiled . . . and because it’s so simple 
and fast to use—this Directory is the reference 
book of the field. 


The 1953 Electronic Industries Directory is con- 
stantly used by the men whose responsibility it is 
to specify products like yours. And it is these men 


—the 21,000 top electronic engineer in the na- 
tion—who receive the Directory issue of TELE- 
TECH, just as they receive every issue of TELE- 
TECH each month. 


So, your advertisement in the Directory issue of 
TELE-TECH gets to the right people at the right 
moment—to the men who can buy, jusf when they 
are buying. Reserve your space now for. year- 
round sales! : 


THE REPRESENTATIVE 


Because no other directory lists manufacturers’ 
representatives exclusively, this is the Directory 
that’s a must to the manufacturer seeking rep- 
resentation. With competition for the right line 
growing increasingly severe, your advertisement 


in the 1953 Electronic Industries Directory can tip 
the balance in your favov. Take advantage of this 
unique marketplace for your services. Reserve 
space today! 


THE DISTRIBUTOR 


Because this geographical listing of distributors 
can’t be beat by any other directory, manufactur- 
ers and dealers will constantly use these pages 
for distributor information. Your advertisement will 
Promote your lines . . . bring in new accounts and 


customers . . . tell manufacturers about your facili- 
ties . . . increase your profits. Be sure thaf you’re 
“in” the 1953 Electronic Industries Directory by 
getting your space reservation in now! 


THE CONSULTING ENGINEER 


There’s just no other source in this field that lists 
consulting electronic engineers—and consulting 
electronic engineers alone. The manufacturer who 
needs a consulting engineer uses these pages to 


make his selection. You can help him select you 
with your advertisement that helps introduce your 
services to your client . . . build your prestige. 
Sending us your reservation for space today! 


the shortest distance between the local representative and 


pw 


e° ‘ 21,000 buyers .. . 


n 


_the new, exclusive 


LOCALIZER INDEX 


For the first time in a directory of this kind a manufacturer can list his local representatives, his branch 
and regional offices, and his executive and regional personnel—right under his own alphabetical 
listing—right where 21,000 buying-minded engineers want to see it. Minimizes long-distance 
telephone and telegraph charges . . . cuts correspondence . . . increases inquiries . . . speeds services 
. . . gets new orders, more orders. Be sure your representatives are listed in the LOCALIZER INDEX! 
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Supplied per Mil 
type CR-1A when 
specified. 


*TYPE ML-4 
RANGE: 
1.0—10.0 me 
Supplied per Mil 
type CR-5; CR-6; 
CR-8; CR-10 when 
specified. 


*TYPE ML-6 
RANGE: 
1.4—75.0 me 
Supplied per Mil 
type CR-18; CR-19; 
CR-23; CR-27; CR- 
28; CR -32; CR-33; 
CR-35; CR-36 when 
specified. 


That Kind of testing is 
just one of the reasons why 


c 
2 Minutes to 
prove he Ge 


55 Cycles per See. 


®quivalent to 5G Stres 


pull 


Rough eal FOR A CRYSTAL... 


Yes, we get tough with our Midland crystals. 
You expect best performance, and we make sure 
you get it when you use Midland crystals for all 
your frequency control needs. The final test pictured 
above is just one of many quality checks we make 
at every step of Midland processing. 


Midland Quality Control starts with the raw 
quartz. Using optical viewing equipment of high 
» accuracy, we select only the “cream of the crystal 
“ crop.” Then, as the crystal proceeds through the 
various steps of cutting, slicing, lapping, etching, 
plating, and sealing, it is checked repeatedly to turn 
up any defect that might develop. 
Stability, accuracy, high output, long life — 
name anything about a crystal that makes it a 
better performer for you, and we guarantee you'll 
get it in fullest measure with Midland. 
WHATEVER YOUR CRYSTAL NEED— 
CONVENTIONAL OR SPECIALIZED... 


When It Has To Be EXACTLY RIGHT. .. Contact 


MANUFACTURING CO., INC. 


3155 Fiberglas Road © Kansas City, Kansas 
See Us at the Radio Engineering Show, Booth 4-613 Components Avenue 


©@ 1220 pages 
@ 80,000 items 
©@ 8,000 illustrations 
@ 8”x11"—5 lbs. 


'@ price 

ough —your price UNITED CATALOG PUBLISHERS, INC. 
sth te 95 110 Lafayette St., New York 13 
ae tributes 


The right part when you need if, for service 
This t, hard cover Official Buying 


Gulde' oh tea tcwenlcT? parts and equi) 
ment industry with its comprehensive de- 
tailed index, eliminates the need for main- 
and manufac- 
TER — 


taining files of small catal 
pon pb literature. RADIO’S 
ic 

pots Radley Not merely 
number listings— 
complete descriptions, 
specifications and illus- 
trations written and 
compiled by each manu- 
facturer. Enables you to 
make comparisons or 
substitutions right now! 


Broad 
Sag a National Collegiate-Industry-Govern- 


— 


Coming Events 


See also ‘‘Stellar Events’ on opposite Page 


—— 


March 10-11—SPI Annual Conference, 
Canadian Chapter, General Brock 
Hotel, Niagara Falls, Canada. 

March 18-20—ASTE 21st Annual Meet. 
ing, Statler Hotel, Detroit, Mich. 

March 19-20—NCIG Conference on In. 
strumentation, Michigan State Col. | 
lege, E. Lansing, Mich. 

March 23-26—IRE- National Conven. 
tion, Grand Central Palace & Wal. 
dorf-Astoria Hotel, New York, N, Y, 

April 12-16—Electrochemical Society, 
International Meeting, New York, 
| ee A 

April 18—Cincinnati Section, IRE, 
Seventh Annual Spring Technical 
Conference, Cincinnati, Ohio. 

April 20-22—MPA, 9th Annual Meet. 
ing, Cleveland, Ohio. 

April 23-24—IRE Prof. Group on Cir. 
cuit Theory, International Symposium 
on Nonlinear Circuit Analysis, En- 
gineering Societies Bldg., New York, 
N. Y. 

April 26-30—SMPTE 73rd Convention, 
Hotel Statler, Los Angeles, Calif. 
April 28-May 1—7th Annual NARTB 
Broadcast Engineering Conference, 
Burdette Hall, Philharmonic Audi- 

torium, Los Angeles, Calif. 

April 29-May 1—Electronic Compo- 
nents Symposium, Shakespeare Club, 
Pasadena, Calif. 

May 11-13—IRE, National Conference 
on Airborne Electronics, Dayton — 
Biltmore Hotel, Dayton, Ohio. 

May 18-21—Electronic Parts Show, 
Conrad Hilton Hotel, Chicago, Il. 

June 9-11—2nd International Aviation 
Trade Show, Hotel Statler, New York, 
N. Y. 

Aug. 19-21—Western Electronic Show 
and Convention, San Francisco Mu- 
nicipal Auditorium, San Francisco, 
Calif 


Sept. 1-3—International 
Sound Exposition, 
Chicago, Il. 

Sept. 9-12—NEMA, Haddon Hall Hotel, 
Atlantic City, N. J. 

Sept. 21-25—ISA 8th National Instru- 
ment Exhibit, Sherman Hotel, Chi- 
cago, Ill. 


Sight and 
Palmer House, 


AES: Audio ee! Socie 

Engin pate og Inefitate ey, Electrical 
eers 
AS American Society of — Engineers 
+e institute of Radio 


Television 


SMPTE: Soc. of Motion Picture and TV 
Engineers 
SPI: Society of the Plastic Industry 


New Special Effects Firm 

A new firm for handling TV special 
effects equipment has been formed. 
Special Effects & Equipment, Inc., 418 
W. 54 St, New York 19, N. Y., will 
provide products and services to sta- 
tions, film producers and agencies. 
SEE formerly constituted the special 
effects division of Audio & Video Prod- 
ucts Corp., but is presently not con- 
nected with that company. 


~ 
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Stellar Electronic 
Events Ahead 


The striking graphic display on the 
front cover might well be called the 
Constellation of the Electronic Indus- 
tries, for it represents the numerous or- 

izations whose efforts chart the 
course of the industry and guide its fu- 
ture growth. As is explained on page 
one, the following list (tracing the stars 
on the cover from top to bottom) pre- 
sents in detail the names, their con- 
tractions, and primary meetings sched- 
uled for the stellar groups. 


APCO—Associated Police Communication Officers 
—National Conference, Aug., 1953 


PMA—Phonograph Manufacturers Assoc., Inc.— 
Annual Meeting, July 9, 1953 


AES—Audio Engineering Society—Sth Annual 
Convention & Audio Fair, Oct. 13-16, 1953, 
Hotel New Yorker, New York City 


REPS—The Representatives — National Meeting, 
May, 1953, Conrad Hilton Hotel, Chicago 


1AS—tnstitute of the A iol Get . 
Summer Meeting, July 15-16, 1953, Los Angeles 


ASA—American Standards Assoc. — National 
Meeting, . 11921, 1953 Waldorf-Astoria 
Hotel, New York City 


ASTM—American Society for Testing Materials— 
Annual Meeting, June 27-July 3, 1953, Chal- 
fonte-Hadden Hall, Atlantic City, N. J. 


RIAA—Record Industry Assoc. of America—An- 
nual Meeting, Feb. 1954 a 


NEC—National Electronics Conference—9th Na- 
tional Conference, Sept. 28-30, 1953, Hotel 
Sherman, Chicago 


RIMA—Radio and Television Manufacturers Assoc. 
—Annual Convention, June 15-18, 1953, Palmer 
House, Chicago 


AFCA—Armed Forces Communications Assoc.—7th 
ga Convention, May 14-16, 1953, Dayton, 


IRE—Institute of Radio Engi s—National Con- 
vention and Show, March 23-26, 1953, Waldorf- 
Astoria Hotel and Grand Central Palace, New 
York City 


SA—Instrument Society of America—8th National 
Conference and Exhibit, Sept. 21-25, 1953, 
Hotel Sherman, Chicago 


RCA—Radio Club of America—Annual Banquet, 
Dec. 1953 


WCEMA—West Coast Electronic Manufacturers 
Assoc.—Western Electronic Show and Conven- 
tion, Aug. 19-21, 1953, Municipal Acditorium, 
San Francisco 


NEDA@National Electronic Distributors Assoc.— 
4th Annual Convention, Sept. 14-17, 1953, 
Chase Hotel, St. Louis, Mo. 


NARTB—National Assoc. of Radio and Television 


Broadcasters—7th Annual Broadcast E ; 
383, Phite 


neering Conference, April 28-May 1, 1 
harmonic Auditorium, Los Angeles 


AIEE—American Institute of Electrical Engineers— 
General Meeting, June 15-19, 1953, 
Atlantic City, N. J. 


SMPTE—Society of Motion Picture and Television 
 geref ate Convention, April 27-May 1, 
1953, Hotel Statler, Los Angeles 


AFCCE—Association of Federal Communications 
Iting Engineers 


ACM—Assoc. for Computing Machinery—Compu- 
ter Conference, Dec. 1953 


NAED—National Assoc. of Electrical Distributors— 
45th Annual Convention, May 24-28, 1953, Con- 
rad Hilton Hotel, Chicago 


NEMA—National Electrical Manufacturers Assoc.— 
National Convention, Nov. 9-12, 1953, Haddon 
Hall Hotel, Atlantic City, N. J. 


NSPE—National Society of Professional Engineers 
—Annual Meeting, June 18-20, 1953, Shearton- 
Plaza Hotel, Daytona Beach, Fla. 


§S—Electrochemical Society—Iinternational Meeting, 
April 12-16, 1953, Statler Hotel, New York City 


TELE-TECH & ELECTRONIC INDUSTRIES * March 1953 


IF YOU USE MICROWAVES... 
This self-contained, compact, versatile 


WAVEMETER TEST SET" 


can help you : 


Now, with one easy-to-carry instrument, you can determine 
the frequency of both pulsed and c-w microwave systems. . . 
you can make accurate measurements by both transmission and 
reaction methods. Because the new Wavemeter Test Set needs 
no external power source, it is ideal for field work—equally 
good for laboratory work! Its applicable range is from 2400 
to 83400 megacycles. A low cost instrument—now in production, 
and used by U. S. Signal Corps as #TS-117/GP. 


Write us today for bulletin giving complete technical data on the 
Wavemeter Test Set! 


* Licensed under Sperry Patents. 


ELECTRONICS DIVISION 


AMERICAN ENCAUSTIC TILING COMPANY 


909 Kenilworth Ave. Lansdale, Pa. 


For broadcast studio master control and monitor switching of - 
audio and video circuits . . . intercoms . . . telegraph 
q\ . . « computers . . . many other applications. 
“7 Extreme flexibility. Fast and quiet switching 


ham with low crosstalk level. Any group of setups 
srsuma ese «may be held intact while setting up others. 


crossb ar Provision for spot or remote control. 


For details of Model 10X10 
this truly Connects any of ten cir- 


" itch cuits in horizontal plane 
ens ogg switch, to any of ten vertical. 


JAMES CUNNINGHAM, SON & CO., Inc. DEPT. T-1 ROCHESTER 8, NEW YORK 


AAC it lL Sa ane DE 


Sil an ty hig ABN wet 


OFFERS 


MARKETING AND 
ENGINEERING SERVICES 


to the Radio-Television-Electronic 
Industries 


it has to be! 


Ke NC) | QS. E Caldwell- Clements, Inc. 


TELE-TECH 


Top-ranking technical magazine in the 5-billion 
dollar radio, TV, communications, and elec- 

. tronic defense industries. Recognized for edi- ° 
torial excellence. Circulation now increased 
to 21,000. 


TELEVISION RETAILING 


The sales-and-service publication for the radio, 
television, appliance, and recording industries. 
Two new sections: Mart" (for prices and speci- 
fications); “Technician” (for circuits, schemat- 
ics). 


ELECTRONIC INDUSTRIES DIRECTORY 


Most complete, accurate, up-to-date directory 
in the electronic engineering field. New exclu- 
sive Localizer Index lists representatives’ 
names, addresses, telephone numbers under 
manufacturers’ alphabetical listing. Section of 
— regular issue of Tele-Tech. 


DISTRIBUTORS’ DIRECTORY 


Only directory of its kind with complete list- 
ing of all radio, TV, and appliance distribu- 
tors. Annual section of regular January issue 
of Television Retailing. 


REPRESENTATIVES’ DIRECTORY 


Only alphabetical and geographical directory 
of manufacturers’ representatives selling elec- 
tronic components and engineering equip- 
ment. Annual section of regular issues of 
Television Retailing and Tele-Tech. 


MANUAL COMPANY 


Special service to defense industries. Prepara- 
tion of technical manuals, instruction books, 
parts lists, drafting, illustrating. Technically 
trained staff familiar with Army-Navy-Air 


ees Force policies and requirements. 


stability as high as 


DIRECT MAIL 
eee at aa Special mailing service for advertisers desiring 
per degree centigrade. to supplement or intensify their space adver- 


tising in Tele-Tech. Up-to-the-minute, per- 
sonalized lists available in ten separate groups 
of the TV-electronic field. 


i RIVERBANK LABORATORIES CALDWELL-CLEMENTS, INC. 


T : A DEPARTMENT OF ENG 480 Lexington Avenue, New York 17, N. Y. 
GENEVA Phone: Plaza 9-7880 


Send name and title on company letterhead for catalog showing 
full line of forks and engineering data. 


— 
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Junction Transistors 
(Continued, from page 151) 


grement, it is convenient to have a 
square-wave or a swept-frequency 
test signal so that the correct bal- 
ance can be easily ascertained. 

If desired, bridges can be de- 
signed for the determination of the 


‘eurrent and voltage amplification 


factors, but these bridges are not 
necessary since these quantities can 
be computed from the nodal admit- 
tance parameters. ' 

After the four nodal admittances 
have been determined the perform- 
ance of the transistor can be pre- 
dicted at any frequency desired. In 
many publications, the frequency 
performance of the transistor has 
been cited in terms of the frequency 
characteristics of the current ampli- 
fication factor. This is not a good in- 
dex since as mentioned before, the 
voltage amplification factor is of 
equal importance. As a matter of 
fact, the frequency characteristics of 
a,, will generally give a pessimistic 
aspect to the frequency performance 
of the transistor. On the other hand, 
the frequency characteristics of a,, 
will give an overly optimistic aspect 
of the frequency performance of the 
transistor. 


Power Amplification 


The only real criterion of the fre- 
quency performance of a transistor is 
the variation of the power amplifi- 
cation. For maximum power ampli- 
fication the conjugate admittance 
match equations are as shown in 
Table III. The important thing to 
note in these equations is that the 


NULL 
INDICATOR 


Yece 
NETWORK 


Fig. 11: Reverse transfer admittance bridge 


forward power amplification is 
Proportional to the forward power 
amplification factor. This factor can 
therefore be used to considerable 
advantage as a simple single index 
of the frequency performance of the 
transistor. The forward power 
amplification factor in turn is 
Proportional to the square of the 
Magnitude of the forward transfer 
admittance, y,,., so that this nodal 
Parameter, the complex transcon- 

ce, will play an important 
Part in establishing the performance 
the transistor. 
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Although considerable attention 
has been focused upon transit-time 
effects in the junction transistor, at 
the moment, this is not the limiting 
factor in its frequency performance. 
It is relatively easy to construct 
junction transistors with sufficiently 
small base dimensions so that tran- 
sit-time effects are not important up 
to several megacycles per second. 
In contrast, unless special precau- 
tions are taken, reactive effects in 
the junction transistor may be quite 
significant at several kilocycles per 
second. 

By means of detailed measure- 
ments of the admittance parameters 
of junction transistors a clear picture 


of their operation can be obtained. 
In particular, these measurements 
point out the construction factors 
that now limit frequency perform- 
ance. By this approach, junction 
transistors have been made at the 
RCA Laboratories with improved 
frequency performance. These im- 
proved junction transistors give sig- 
nificant power amplification to over 
10 mc. 

This paper presented at the National Electronics 
Conference held in Chicago, Sept. 29—Oct. 1, 1952. 


1 For additional details see L. J. Giacoletto, “Junc- 
tion Transistor Equivalent Circuits and Vacuum 
Tube Analogy,” Proceedings of I.R.E., pp. 1490- 
1493 November, 1952. N.B. pPrievy 1, 2, 3, 4, 6 
and 7 are taken from this articl 

2R. R. Law, C. W. Mueller, J. 7 Pankove, and 
L. D. Armstrong, “‘A Developmental Germanium 
P-N-P Junction pasa Sanne of 1.R.E., 
pp. 1352-1357, November, 1952. 


UNE A BEACON LAMP 
JUST FAILED! 


warns the new H. & P. Automatic Alarm 
System for Tower Lighting 


AND THE WARNING 


GOES STRAIGHT TO 
CENTRAL CONTROL 


ee oe 


ee ee 


lation and maintenance. 


nearest distributor. 


A PACKAGED UNIT—The inexpen- 
sive H. & P. system is packaged 
in a single streamlined housing, 
and is designed for easy instal- 


WHAT IT WILL DO—It triggers an 
alarm signal, via micro-wave, in 
the event of any light failures. It 
indicates location, and whether 
Beacon or obstruction lights (or 
both) have failed. Also signals 
power failures in the antenna 
lighting circuit. Write for com- 
plete information, and name of 


FCC REGULATIONS REQUIRE either a 
daily inspection of all tower lights 
—or the installation of a dependable 
automatic alarm system to signal 
light failures. FCC also requires the 
immediate reporting of: all light 
failures. With stations in difficult 
terrain, a daily light inspection by 
personnel is costly. And full com- 
pliance is nearly impossible: 24 hours 
could elapse before discovering a 
light failure! 


HUGHEY & PHILLIPS Automatic Alarm 
System pays for itself in a few months 
because personnel inspection costs 
are virtually eliminated. FCC com- 
pliance is assured because all light 
failures are immediately recorded at 
the control station. 


HUGHEY & PHILLIPS 
Tower Lighting Division 
Encino, Calif. 


LEADERSHIP IN THE FIELD OF TOWER LIGHTING EQUIPMENT 
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Heathkits are completely enginecred in 
struments supplicd unassembled. Every 
kit goes together smoothly and easily. 
All drilling, punching, and painting has 
already been done for you. All parts arc 
furnished and are of highest quality. 


Detailed construction manual shows 
clearly where cach wire and part gocs 
and tells exactly how to build the kit. 
Write for free catalog 


BENTON HARBOR 3 
MICH IC 
i 


HEATH COMPANY 


AK] 
IAIN 


v4 sl | ROCKE INTERNATIONAL CORP 


NO. 1010 
SPECIFICATIONS MIL-T-27 & ANE-19 suey aaanaee = 
AND COMMERCIAL TYPES Self-contained and A.C. | Self-contained and A.C. 
Pulse Transformers operated with electron- | operated. For rapid 
Filter Reactors ically regulated a and accurate test of 


Charging Reactors Pilitlon mee jonms. 


Saturable Reactors 
Toroid Inductors 
Low Pass Filters 
High Pass Filters 
Band Pass Filters 
Discriminators 
Plate Transformers 


OTHER FREED INSTRUMENTS 


NO. 1030 Low Frequency Q. Indicator 


NO. 1110A Incremental Inductance 
Bridge 


NO.1150 Universal Bridge 

wer Ti 

seit Tephenanis NO. 1170 D.C. Supply 

Vibrator Transformers NO.1210 Null Detector and Vacuum 
Input Transformers Tube Voltmeter 

nen e ore ng i NO. 1140 Null Detector Amplifier 
Reatel teanetormare NO. 1040 A.C.—V.T. Voltmeter 
Modulation Transformers NO.1250 Decade Condenser 
Blocking Oscillator Transformers NO.1410 Harmonic Distortion Meter 


Band Elimination Filters and Decade Inductors 
SEND FOR COMPLETE CATALOG DESCRIBING ALL FREED INSTRUMENTS AND TRANSFORMERS 


FREED TRANSFORMER CO., INC. 


1726 WEIRFIELD ST., BROOKLYN (RIDGEWOOD) 27, N. Y. 


Hearing Aids Switch 
to Transistors 


The hearing aid industry is turning to 
transistors to replace vacuum tubes, 
is predicted that the aids will increase 
from 1,000,000 units now in use tp 
several million because of the better 
performance and economy made po. 
sible with transistors. Most important, 
the “B” battery and excessive drain 
have been eliminated, bringing annul 
battery replacement cost from $ 


f 
Photos (not to scale) show Sonotone ald (ij, 
first to employ one transistor in circuit. £, A, 
Myers aid (r) uses three transistors. Parts 
are magnetic mike, receiver and their magnets 


down to $3. Tiny mercury batteries 
with 2000-hour life are selling for $0.65, 
or about 30 hours of operation for one 
cent. Other features include elimination 
of microphonics, increased gain (63 to 
70 db at 1000 crs), small volume (33 
cu. in.), light weight (2.8 to 3.75 oz), 
high saturation output (122 to 138 db), 
and low distortion (under 2%). A 
representative unit, one made by E£. 
A. Myers & Sons, sells for $285. 


Top view of Maico aid shows partially open bat- 
tery drawer. At center is magnetic microphone 


Underside of Maico aid shows three Raytheon 
CK718 transistors; is 2.66 x 1.88 x 0.67 in. 
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Bren 


To meet the strictest requirements of 
both Government and Industry, specify 


y RINGS 
‘and SLEEVES...‘ 


are just two of the many plastic 


, " y Pe ig Pod | ss 
components made by Anchor. Among 4 Precision made, easy to handle, easy to assemble — the IN69 
others are second anode contact # tapered shape shows polarity at a glance! Make Radio IN70 
assemblies, stamped insulating parts, 3am Receptor Germanium Diodes your first choice in the large 
variety of electronic circuits where JAN types are a must. | INS! 


complete insulating assemblies for oo ae 
tri-color tubes and extruded channels, J By TYPICAL USES 
rods and tubes. y 


IAAL Tag PS SR A ie MS RAE it NE ELI oe BT RITES NOS, Re saa TS 


j >  COMPUTOR CIRCUITS 
, at | CLAMPING CIRCUITS 
36-36 36th Street é iT a Tae a ey CONTROL CIRCUITS 
Long Island City 6, N. Y a 4 m ; . DISCRIMINATORS 
i Se, | — MODULATORS 
NOISE ELIMINATORS 
CLIPPERS 
LEVEL SETTERS 
RESTORER CIRCUITS 


JAN TYPES - ALL VALUES MEASURED AT 25°C. 
Min. Forward | Max. Reverse “average | tMinimum| Max. Cont. 
Current at Current Rectified Reverse Reverse 
1 Volt (MA) (Micro-Amperes) Current Volts Operating 
: (MA Max.) Volts 
FOR LONG LIFE IN LOW AMPERAGE a) = te 40 75 60 
CIRCUITS THE GRAYHILL SERIES 4000 : Rectification efficiency: 35% minimum in 100 MC test circuit. 
SINGLE-POLE, SINGLE THROW MOMENTARY B ' 3.0 25 @—10v 125 
CONTACT, PUSH-BUTTON SWITCH IS IDEAL. fas sen oo 
It'S AVAILABLE EITHER NORMALLY OPEN OR . 4 3.0 i: 10 o ae 50 40 
NORMALLY CLOSED. CONSERVATIVELY RATED ee ue oh * average hall wave rectified 


AT 2 AMP., 115 V.A.C., NON-INDUCTIVE. ; - current ot 60 (75 ond 25°C. 
: Consult us for ratings 
at other conditions. 


$For zero dynamic resistance. 


100 


Radio Receptor Germa- 
nium Diodes may hold 
the answer to many of 
your problems. Our engi- 
neers will be glad to 
study your requirements 
and submit their recom- 
mendations. Many other 

. types, both standard and 
special, are available... 
Write us! 


SELETRON & GERMANIUM DIVISION 


resp hil “nto” | RADIO RECEPTOR COMPANY, Inc. 
SEIS 


Catalog now. RP Since 1922 in Radio and Electronics 


SALES DEPARTMENT: 251 WEST 19TH STREET « NEW YORK 11, N. Y. 
4542 West Madison St., Chicago 24, Illinois FACTORY: 84 NORTH STH STREET + BROOKLYN 11, N. Y. 
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Mechanical Engineers — Electrical Engineers 


Servo Engineers —Aerodynamicists—Physicists — 


Do You Know the MELPAR Story? 


For complete information about the opportunities available 
for qualified engineers and scientists write to 


PERSONNEL DIRECTOR 
melpar, inc. 


The Research Laboratory of Westinghouse 


Air Brake Co. and its subsidiaries 


452 Swann Avenue, Alexandria, Virginia 
or 10 Potter St., Cambridge, Mass. 


See us at 


BOOTH 2-212 


Radio Engineering Show 


MARCH 23-26 


Grand Central Palace 


New York City 


Microwave 
Assemblies, 


Radar Components, 


and Precision 


Instruments . . . 


manufactured to 
your Blueprints 


and Specifications, 


N.R.K. MFG. & ENGINEERING CO. 
4601 WEST ADDISON STREET *® CHICAGO 41, ILLINOIS 
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CONELRAD 


(Continued from page 85) 
properly adjusted throughout th 
group, and program and sequential 
control lines are provided for each 
member station. One at a time, ip 
non-cyclical sequence, each station 
goes on the air for a random period 
varying from 5 to 40 seconds, Singe 
one station comes on the air as an. 
other goes off, there is no appreci- 
able lost-air time or carrier overlap, 
Furthermore, because all stations in 
the group carry the same program, 
there is no appreciable interruption 
of program service. The type of 
equipment to be used for control- 
ling sequential switching and ac. 
complishing self-supervision will be 
mutually agreed upon by the mem- 
ber station and the FCC. 

On-Off Mode: The on-off mode 
may be applied to individual sta- 
tions operated by themselves, or to’ 
groups being operated in the se- 
quential mode as is illustrated in 
Fig. 2. For individual stations, the 
on-air time is about 10 seconds, and 
the intervening time is of the order 
of 30 minutes. When applied to 
groups of stations, this mode will 
permit the group on-air and off-air 
times to be from 1 to 30 minutes 
for each. As in the sequential 
mode, power is adjusted by the FCC 
to achieve CONELRAD objectives. 

Pulsating Mode: With the pulsat- 
ing mode, applicable to individual 
stations or sequential groups, the 
transmitter power of the station on 
the air is varied over a 10 db range, 
at a non-cyclical rate of about 10 to 
45 seconds. In a given area such asa 
city, if several stations are being op- 
erated individually, all will carry 
the same program provided by lines 
from a common source. 

Synchronous Mode: In the syn- 
chronous mode, two or more stations 
in a given area are on the air at the 
same time, and with the same fre- 
quency or frequencies. Power is ad- 
justed so that no one station stands 
out. If operated with a group of oth- 
er stations, they are provided with 
the same program source. 

During alert periods, stations al- 
lowed to operate may broadcast 
other programs as they desire, on 
their own responsibility, when not 
broadcasting civil defense messages. 


Name Changed 


The company name of the LaPointe 
Plascomold Corp. has now been changed 
to La Pointe Electronics, Inc., it was 
announced by company president, Jer- 
ome E. Respess. The name change will 
in no way affect the corporate struc- 
ture of the Rockville, Conn. company 
and Vee D-X will continue to be the 
trademark of all its TV antennas. 


PHLLolN 


Ke OIL FORM 


BEF 


Ss 


rer | 
a Y BOBBINS 
ince 
et 
: 
s in 


io MONTER WELCH 
tion 

: BETTER HEAT DISSIPATION 
rol- 

re INCREASED 
: » MOISTURE RESISTANCE 
Pm- 


PRECISION Coil Bobbins are constructed with utmost care and 


ode are finished to your exact specifications. Only the finest mate- 
are used. 
sta- Cores furnished in an infinite variety of sizes and shapes— 


kraft, fish paper, acetate, or combinations. Flanges cut to spe- 
cification—plain or fitted with leads, slots or holes; embossed or 
se- recessed. 


| in Send in specifications for sample and request new Arbor List 
of over 1500 sizes. 


PRECISION PAPER TUBE CO. 


2057 W. Charleston St. Chicago 47, Ill. 


Plant No. 2, 79 Chapel St., Hartford, Conn. 
Also Mfrs. of Precision Paper Tubes 


PLUGS & 
SOCKETS 


500 SERIES 
Proven Quality! 


For 5,000 Volts, 25 Amperes 


$-506-DB per Contact Alterable by cir- 
al- with deep Bracket cuit Characteristics. 
cast 
on Socket contacts of phosphor bronze, knife-switch type, cadmium 
nol plated. Plug contacts hard brass, cadmium plated. Made in 2, 
4, 6, 8, 10, and 12 contacts. Plugs and sockets polarized. Long 
ges. leakage path from terminal, and terminal to ground. Caps and 
brackets, steel parkerized (rust-proofed). Plug and socket blocks 
interchangeable in caps and brackets. Terminal connections most 
inte accessible. Cap insulated with canvas bakelite. 
ot Write for Jones BULLETIN 500 for full details on line, 
jer- } 
will a, HoWARD B. JONES DIVISION 
1Cc= y NCH MANUFA Se eer ee 
= ‘Ss . BSIDIARY A eet ee ae 
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VOU Tell US 


We design and manufacture the 
world’s largest variety of indus- 
trial slides, used mainly today in 
electronic equipment. Pictured 
is a typical example, 
in which the slides 


provide easy access 


for servicing any component. 
1. The component 
can slide out fully, 


easily. Sustains up to 
200 pounds per pair. 2. The com- 
ponent can be tilted 
and locked at any 


of several angles, 
up to plus 90° or minus 90°. 
3. If desired, can 
be entirely removed 


and returned. 


Does this suggest any new appli- 
cations in your field? Tell us. 


Grant Industrial Slides 


a product of the engineering department 
of Grant Pulley and Hardware Co. 
31-75 Whitestone Parkway, Flushing, N. Y. 


A comprehensive, 
furnished with each chart. It contains a brief 
discourse on the atom and the periodic law, a 
bibliography, a detailed explanation of the chart 
data, numerous tables and graphs, and a large 
black and white reproduction of the chart. 


The New 1953 EDITION of the 
WELCH CHART OF THE ATOMS 


RART OF ee At * Planet 


: 


Isotopes 
The latest 


The Most 


the 
Elements 


key booklet No. 4854. Chart of The Atoms, 1953 Edition. 
With formed-metal chart molding at top and 
bottom with eyelets for hanging, non-glare pru- 
tective coatii and key booklet. Each $7.50 
No. 4854A. Chart of The Atoms, 1953 Edition. 
Mounted on a spring roller within a metal case, 
suitable for permanent wall mounting, non-glare 
protective coated, and with key booklet. 


Each $15.00 


W. M. WELCH SCIENTIFIC COMPANY 


ESTABLISHED 1880 
DEPT J CHICACO 10 


48-page, is 


SEOC WICK STREET ILLINOIS. USA 


With 1952 
International 
Chemical 
Society Atomic 
Weights 


& 
Extensively 
Revised 
to Include 


Comprehensive 
Tabulation of 


All 98 Elements 


Information About web 
Transuranic 


ing Derkelium and 
Californium 


Booth 2-137 
1.R.E. 
Convention 
Grand Cent. 
Pal 


Air Coaxial 
(Continued from page 84) 


7514 K, 
wf, = 


VTA [1 + logy, (2107138)) 


For undercut coaxial transmisgioy 
line the outer conductor remain; 
fixed and the inner conductor qd. 
ameter is reduced, with the resy}. 
ant cutoff frequency given by the 
following relationship, in terms of 
the inside diameter of the outer con. 
ductor of the air line: 

7514 K, 


ak 73 el 


Ve D Ul + logy) (—ZoVe7/138)] 


In terms of the outside diameter of 
the inner conductor of the air line 


Dataon | the cutoff frequency is given by: 


Recent 7514 K, 


() 
Zz. + 


“~ * 
TR log; — 


138 a-vaj] 
For transmission lines of 50 ohms 
iterative or characteristic impedance 
the cutoff frequencies are given 
below: 
For the uniform air dielectric 
line: 


/7 ca 
ved [ logy 
Includ- 


f, = 5350/D (10) 
For the overcut coaxial line in the 
region of the supporting structure: 


17,290 K, 
wale 


= (11) 
V/e' Dl + logy) (0.3627¢’) 


TAKE NO CHANCES WITH 
VITAL EQUIPMENT... Stectfy 


SERIES 6918 or 6924 


RACKS 


by PAR-METAL 


18%" or 24” DEEP, for 19” WIDE PANELS 
© Panel Spaces: 61%”, 70”, or 77” high. 

¢ Finished in Prime Coat, Black Wrinkle, Grey 
Lacquer, Grey Wrinkle. 

e Series 6918 or 6924 Racks may be used in 
“rows” or “gangs,” as corner trims are re- 
movable from front of cabinet. 

¢ Standard shelves and roller trucks are manu- 
factured by us for use with these Racks. 


THESE RACKS ARE MODERATELY PRICED 
and AVAILABLE FOR SHIPMENT FROM STOCK 


Planning an electronic product? Consult Par-Metal for 


Our P-6924 Rack as used by 
Gai-Tronics, inc., Reading, Pa. 


RACKS ¢ CABINETS 
CHASSIS ¢ PANELS 


Remember, Par-Metal equipment is made by 
electronic specialists, not just a sheet metal shop. 


32-62 — 49th ST., LONG ISLAND CITY 3, N. Y. 
Tel.: AStoria 8-8905 
Export Dept.: Rocke International Corp. 
13 East 40 Street, New York 16, N. Y. 


WRITE FOR CATALOG! 


For the undercut coaxial line in 
the region of the supporting struc- 
ture: (12) 


7514 Ky 
/e’ D [1 + logzg( —0.362 ve) 
For the specific cases of Teflon and 
Polystyrene with relative dielectric 
constants of 2:1 and 2.544 respec: 
tively, the following relationships 
are used to compute the cutoff fre- 
quency: 
Overcut line containing Teflon: 
site = 2.82 X 10#/D (13} 
Overcut line containing Polystyrene: 
ecfo = 2.33 X 103/D (14) 
Undercut line containing Teflon: 
. uefp = 4.10 & 108/D (15) 


Undercut line containing Polysty- 
rene: 


ache 


Bf = 3.83 x 10?/D (16) 


Values of cutoff frequency calct 
lated from Eq. 10, 13 through 16, for 
the proposed standard sizes of co 
axial transmission line are given 2 
Table II. ‘ : 
As the frequency of operation @ 
a coaxial, metallic conductor, tral 
mission line is reduced below sev 
eral megacycles, the magnetic fiel 
energy stored in the metal walls ¢ 
the transmission line reflects itse! 
in an increase in the series indutt 
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ance per unit length with a conse- 
quent increase in the characteristic 
impedance and a reduction of the 
velocity of propagation. In practice, 
the metal walls are sufficiently thick 
so that propagation and reflection 
effects exterior to the outer conduc- 
tor do not influence the fields which 
are excited within the coaxial trans- 
mission line. The “depth of penetra- 
tion” for non-ferromagnetic ma- 
terials is given by the relationship: 


& = 5.033+/p/f_ (17) 


For copper, 5, “the depth of pene- 
tration,” has a value of 0.021 cm. at 
a frequency as low at 0.1 mc. Thus, 
any solid dielectric coaxial conduc- 
tor having a thickness sufficient for 
reasonable structural strength and 
rigidity will have walls thicker than 
three or four times the “depth of 
penetration.” For the relatively low 


frequencies being considered the 


distributed parameter transmission 
line solution is an excellent ap- 
proximation for the 4ransverse mag- 
netic wave transmitted in such lines, 
since the amount of displacement 
current and the electric field energy 
associated with the longitudinal 
electric field at the wall and in the 
space between conductors is in- 
significant. 

The rate of change of transmission 
line voltage, V, in the propagation 
direction, s, is given by: 


dV/ds = —ZI (18) 


The series impedance, Z, is the 
quantity which is affected by energy 
storage in the walls at low frequency 
operation. This, in turn, affects the 
propagation constant: 


y = VZY (19) 


and the characteristic or iterative 
impedance: 


Zo = /Z/¥ (20) 


In the length, ds, the voltage drop, 
—dV, may be considered to be made 
up of two parts: 

1. The normal TEM transmission 
line voltage drop per unit length, 
joL,I, from the magnetic field 
between the conductors. 

2. The voltage drop per unit 
length along the magnetic surfaces, 
(r,-++-joL,,1), where both conductors 
are considered. For a coaxial trans- 
mission line having a dielectric with 
a permeability equal to that of free 
Space, 4mX10-7 h/m, the inductance 
ber unit length, L,, is given by: (21) 


L, = Z./C = (0.3336 x 10-1 Z,] h/cm 


The voltage drop at the metal sur- 
face is analyzed in terms of mag- 
(Continued on page 164) 
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DX 


{nnounces 


It’s Engineered for 
TOP PERFORMANCE 
... in Production NOW! 


This new DX 90° Deflection Yoke has 
everything a television receiver manufac- 
turer wants .. . a sharp full-screen focus, 

a minimum of pincushioning, the ultimate 
in compactness and a price that’s down- 
right attractive. Because this yoke hasbeen 
brilliantly designed for mass production on 
DX’s specialized equipment, it warrants 
immediate consideration in your 27” re- 
ceiver plans. Write us today. 


DEFLECTION YOKES...TOROID COILS... CRYSTALS 
1. F. TRANSFORMERS ...R.F. COILS . . . DISCRIMINATORS 
SPEAKERS ... TV TUNERS ... ION TRAPS .. . TRANSFORMERS 


DX RADIO PRODUCTS CO. 


GENERAL OFFICES: 2300 W. ARMITAGE AVE., CHICAGO 47, iLL 


2 ways G-E lamps help make 
products safer, easier to use 


2. INDICATE LIVE CIRCUITS 
With a little G-E indicator lamp, operators can 
tell at a glance whether electronic equipment is 
operating correctly. 


1, FLASH WARNING SIGNALS 


General Electric filament and neon glow lamps 
on control panels quickly indicate ‘‘trouble spots” 
in circuit operations. 


LITTLE spot of light can go a long way toward improving electronic 

devices. Above are two examples. They show how General Electric 
lamp bulbs add extra safety and convenience. Chances are, small G-E lamps 
can make your product better, too. More than 480 tests and inspections in- 
sure their quality. For more information, write to Lamp Division, General 
Electric Company, Department 166-TT-3, Cleveland 12, Ohio. 


GENERAL @@ ELECTRIC 


VISIT OUR BOOTH 


AT THE 1.R.E. SHOW 


FUNGUS-PROOF 
LACING CORD and 
FLAT BRAIDED TAPE 


Meets Army, Navy and Civilian “specs” 


This sensational new development has 
proved to be a boon to electronic 
equipment. The special synthetic resin 
coating on Heminway & Bartlett’s 
Nylon Lacing Cord and Flat Braided 
Tape resists the growth of mold and 
micro-organisms — factors most often 
responsible for the deterioration of 
linen and cotton lacing cords and tapes. 
They have high abrasion resistance 
and low moisture absorption. The 
finish has the desirable malleability of 
wax and is non-toxic to humans. 


We'll be glad to send you full 
information and samples. Why not 
write us today. 


The Heminway & Bartlett Mfg. Co., 500 Fifth Avenue, 
New York 36, Sales Offices: Chicago, Boston, St. Louis, 
Philadelphia, Cincinnati, San Francisco, Charlotte, N.C., 
Gloversville, N. Y. 


Carbon Potentiome- 
ters TYPE JU — 
RATED AT 2 WATTS 
Shafts up to 2” long 


Tto5.... 1.10 


12 to 24 ... 1.00 


4 ieee es .35 | ELC6C ... 13.95 


NOW! CUT COSTS! INCREASE PROFITS! 
Save on POTS «- TUBES «: RESISTORS 


- 2.00 | 100TH ... 7.95] Type EB—'% WATT 


 .. 97.00 | 394A .... 3.75 Type GB—1 WATT 


... 12.50] 801A .... .35 Type HB—2 WATTS 
. 17.95] 954 ...... .25 
si ae 1 OSS nck: 35 Insulated 
Seca SB” ee .35 Bh. oon 
esistors. 
uae 75 | 5654 .... 1.98 P sysn tr 
a BERS -75 | 5670 .... 5.50 bes pe gga 
... 3.49 | 5687 .... 5.25 ) to 
22 megohms. 
-+«+ 1.35 | 5702 .... 4.00] ‘Money Back 
6AK5 ..... -65 | 5704 .... 2.50 Guarantee! 
1.79| 5705 .... 1.50] Immediate 
99 | 5726 .... 2.10 ee 
6AL5 ..... 60 | 5744 . 3.98 
.. 50] 5763 .... 1.509 yy, watt  Toler- 100 to 300 to 1000 
.... 2.75 | 5787 .... 4.50 ance 499 999 & over 
eso en oie ~ EB % 5% 08 .075 .07 
eee Se 10% ' . 037.035 
.. 3.75 | 8020 >... 1.25 co RP ed the 
ay 75|8025 .... 4.503 GB 1 5% 14 #12 #2 
6V6GT .... .75 | 9004 ..... 35 10% .07  .06 -055 
1.75 | 9006 ..... 35 


HB 2 5% .18 .16 16 


. 5.95| ELC6J ... 7.50 10% .09 .08 .08 


TREMENDOUS STOCK 
LOWEST PRICES 


esisco Corporation { 'MMEDIATE DELIVERY 
LE SERVING THE WORLD OF ELECTRONICS | 


Write for FREE 


366 Broadway, N.Y.C. 13. RE 2-0284 color code sheet 


netic and electric fields tangential to 
the surface of the metal conductor, 
Within the metal conductor of the 
transmission line, the magnetic field, 
angularly directed as in the space 
between the conductors, is given by; 


Ho = He [e- (5 +5§) [7-7] (29) 


os e+(§+35) ly— vel] 


The field in the metal decays very 
rapidly from the place of initiation 
inside the transmission line, allow- 
ing for normal practical diameters, 
the linear propagation formulas 
given. Since for any nominal wall 
thickness as has been previously 
shown, the attenuation is sufficient 
to hide any impedance effects, the 
reflected wave can be set equal to 
zero. Accordingly, at the internal 
metal surfaces the intrinsic wave 
impedance of the conducter is seen, 
The longitudinal electric field at the 
metal surface is given by: 


E, = mH. (23) 


: 
Where the intrinsic impedance, »,, 
of the metal is given by: 


1 1 
nm =R,+jR, =—+j)— (24) 


bo be 


R, =0.1987-+/pf _—_(25) 


The values of R,, the “skin effect 
resistance,” and the values of 5, the 
“depth of penetration” for various 
metals are plotted in Figs. 3 and 4. 

For a length, ds, of transmission 
line, the voltage drop at the inner 
surface of conductors caused by the 
intrinsic impedance is then:given by: 


(dV) a (nm ds) H, (26) 
For outer conductor H, 
(dV) = (nm ds) H, (27) 


For inner conductor H, 
Where the angular magnetic fields 
in these surfaces are given by: 


H, =I/*D (28) 
For outer conductor 
H, = I/rd (29) 


For inner conductor 
The series impedances per unit 
length introduced by the conduc- 
tors is then: 


Z =R,/x D +j R,/x D Ff (30) 
For outer conductor 
Z=R,/rd+jR/rd (3!) 


For inner conductor 
The total series impedances intro- 
duced by the intrinsic impedances 
of both conductors and the magnetic 
field in the gas filled space between 
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them is given by the following re- 
lationship: 


R./1 1 
wx\D d 


1 1 
Z = 0.0249+/pt FS 2 -) (33) 


+j | 2.096 x 10-* f Z, 


BW eae 
40,0249 +/p r(— + “) 
Dd 


For frequencies below several 
megacycles the primary effect of the 
real part of the series impedance per 
unit length is to introduce attenua- 
tion. It can be seen from the ex- 
planation given that the wall in- 
ductance decreases inversely as the 
size of the transmission line, as- 
suming a constant diameter ratio, 
that is, a constant inductance asso- 
ciated with the space between the 
conductors. 

For the frequency range under 
consideration, the real part of the 
series impedance is very small by 
comparison to the imaginary por- 
tion. From a combination of Egs. 
(20) and (33) the low frequency 


characteristic impedance is ob-. 


tained: 
Zs = Vz + 118.82 Z4/2(55 +t (34) 
j  0.0u9 Vay +4) 
a8 ae + 118.82 ZyB(t +3) 


ue 4 
0.0249 ( J 
velly a) 


pes < 0.0001 bs (35) 
2[z + 118.82 Z, V5 +4] Z 
Thus, for all practical impedances, 
in the frequency range under con- 
sideration, the low frequency char- 
acteristic impedance is given by: 
' ; 118.82 1 1 
Zo = Z, —ry pit Piderrae : 
Vis z, -(—+-) (36) 
The relative velocity of propaga- 


tion, v’/C, is obtained from the rela- 
tionship: 


1 

For 50 ohm transmission line, sub- 
stituting Eq. (5) into Eq. (36) and 
(37), the following relationships are 
obtained: 


; 7.844 
Zi = 50V/ 1 bro ai (38) 
D YF 


(Continued on page 166) 


(37) 
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Complete, Competent 


AND ANTENNA 
ERECTION SERVICE 


HERE’S WHY YOU SHOULD CALL} E. T. S. 


¥& EXPERIENCE—ETS has years of experience in the tower 
erection field. Their record includes the erection and 
installation of all type AM, FM, TV, micro-wave, 
and communication towers of all kinds . . . through 
the United States . . . large jobs and small jobs 
- . . all handied with skill and satisfaction. 

%& EQUIPMENT—ETS has a complete line of equipment 
to handle your job, manned by skilled workmen 
with proper engineer supervision. This assures you 
satisfaction, speed, and highest quality workman- 
ship. 

3% DEPENDABILITY—ETS has an enviable record of de- 
pendability. The ability to handle every detail of a 
job from planning to final completion including an- 
tenna mounting and coaxial cable installation is 
extremely desirable from your standpoint. 

For your tower erection needs call on ETS. Phone 
us direct or have your contractor or supply house 


contact us. 


Free brochure sent on request. 


oa 
ee KLE d 98 


P.O. BOX 1205 _ PEORIA, ILL. _ 


—anywhere. 


Tower installation illustrated here is station WSAU, Wausau, Wisconsin 
ELECTRICAL TOWER SERVICE, INC. 
PEORIA 3-9846 


Installation and erection of all type towers—No finer service available 


High permeability—low losses— 
high operating induction—control- 
lable air gap—low assembly cost. 
Permoflux CEE-CORs, made to exacting 
electrical and mechanical tolerances from 
grain-oriented silicon steel, are cores of high- 
est permeability and lowest losses for trans- 
formers and reactors requiring higher operat- 
ing flux densities. Ideal for pulse, audio, 

power and saturable core applications. 
They are fabricated, under closely con- 
trolled conditions, of 1l-mil, 2-mil, 4-mil or 
12-mil silicon strip in a variety of core areas 
and window sizes. After winding they are 
heat treated and bonded, cut in halves, and 
gap surfaces subjected to a special mono- 
molecular rust inhibiting process. Following 
precise mechanical and electrical tests under 
actual operating conditions, the finished 
cores in matched pairs are sealed in a plastic 
for protection in shipment and long storage. 


We invite your inquiries. Ask for electrical 
and dimensional data sheets. , 


PERMOFLUX PERMCODFLUX coRPORATION 


"SOUND IN DESIGN 


4900 WEST GRAND AVENUE, CHICAGO 39, 
236 S$. VERDUGO ROAD @ GLENDALE 


ILLINOIS 
CALIF 


then 


ANY RESISTORS: 


insulated or not 


one or one million 


ip you neep RESISTORS 


Where unit measurement is © 


LEGRI S COMPANY 


since 1945 Resistors is our business 


Fixed or variable (Allen-Bradley too) 
Carbon or wirewound 
Ye watt or 300 watt 


precision of Ys % or up to 20% tolerance 
any make—any type—any value 


CONTROLS — POTENTIOMETERS — RHEOSTATS 


Allen Bradley or any other make 
Attenuator any type 


LEGRI S COMPANY 


158 West 99 St., New York 25, N. Y. 
Phone: University 5-4110 


nn FOR hisses 


GLASS WORKING | 


ELECTRONICS 


MACHINES FOR 


DESIGNER AND BUILDER OF 
TRANSFORMERS — WELDERS 
GLASS WORKING EQUIPMENT 

Cathode Ray; Radio Tubes (Standard, 
Miniature, Sub Miniature); Fluorescent 
Lamps; Glass Ampoules; Vials; 
incandescent Lamps 


EISLER EN 


GINEERING CO., inc. 


Simpler. Ve 


(Improved Models) 
oN 
SX . 


~ KAY-LAB Logatens are non-linear 
#* attenuating networks whose output is 
the logarithm of the input voltage. 
New models afford larger dynamic 
range, higher accuracy, and greater 
stability. These units are suitable for 
dynamic compression plotting loga- 
rithmic decay curves and many other 
applications. High accuracy units are 
also available for incorporation in 


logarithmic computer systems. 


WRITE FOR 
BULLETIN 


Kay-Lab 


KALBFELL LABORATORIES, INC, 


Visit KAY LAB's 
booth at the 

1. R. E. Show 
PRECISION 
ELECTRONIC 
INSTRUMENTS 


1090 MORENA BLVD. P.O. BOX 1578 
SAN DIEGO 10, CALIFORNIA 


1 
Vv’ os 
ae 1,844 Ip (39 
¢ 1+ ye 


The characteristic impedances and 
relative velocities computed from 
Eqs. (38) and (39) are given in 
Table II for the proposed standard 
coaxial line sizes at frequencies of 
0.1 and 1.0 mc. 


A dix A. The 75 Ohm Coaxial Line. 

e following covers the essential rela. 
ticnahine and ng pe = data (see Table Ia 
and curves for 75 ohm coaxial, gas fill 
transmission ig now in the process of 
standardization. The aed or formulas have 
been numbered to corres to the appro- 

priate 50 om relations om given in the 
Pei inal text 

or the cutoff frequ uency for TE: mode in 
the uniform air die pony line (75 cheat 


fy (10a 
For overcut inca Mine wer ohms) in the 
region of the ee eens 
‘ s 
oofe = (11a) 
Ve Dt + log! (0.543 Ve) 


For the undercut ‘iasten line (75 ohms) 
in the region of beat ? “ee structure: 


ucfo = met (12a) 
Jé@ Di + log! (—0.543 Je) 


Overcut line containing Teflon (¢’=2.1): 
ofe™= 2.579 XK 108/D (13a) 


Overcut fine containing Polystyrene 
(¢'=2.544): 
4 ” = aining Teflon: (14a) 
t ne “Contain 
ones 526 X 108/D (15a) 
Undercut fine c ctnliinkod Tefion: 
uofe = 4.179 Xs10°/D (16a) 
For 75 ohm ¢ ransmission line, substituting 


Eq. (5) into Eq. (36) and (37), the following 
ationships are obta 
Low frequency characteristic impedance: 


lm 754/1 —— (38a) 
Z i= 1qt += 4/2 ih 


The low frequency relative velocity of 
propagation: 
v’ 1 
—_— = (39a) 
Cc afi + Lis ie Je 
The characteristic iicheatidinatin and rela- 
tive velocities together with the TE: mode 
cutoff frequencies are given in Table Ila 
for the proposed standard 75 ohm coaxial 
line sizes. 
Curves of Kg and Diameter Ratios versus 
Dielectric Co at are given in Figs. 1a and 
2a, respectively. 


WHUM-TV ON AIR 


Looking up antenna tower and waveguide 
transmission line of Reading, Pa.’s UHF 
WHUM-TV (channel 61). Tower is 1000 ft. high. 
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Station went on air Feb. 10 at 12:12 AM 


Crosstalk 


(Continued from page 147) 


achieved in the equipment in Mon- 
treal. In order to measure the cross- 
talk, the set up shown in Fig. 4 was 
ysed. Tone from an oscillator was 
fed into five input networks and 
thence through the system to a total 
of ten different outputs. In all some 
105 amplifiers and their accompany- 
ing circuits were energized. When 
the correct levels, as shown in Fig. 4 
had been achieved, the input to one 
network was removed and measure- 
ments were made of the noise level 
at the corresponding output as 
the frequency of interfering tone 
was varied. The results are shown 
in Fig. 6 (bottom section) from 


— bh hn nbeednh sha -_ 
DISTORTION AY RECORDING 
POSITION AT +16 08M 


° . 
SokS oe 


} a Co 

QUENCY RESPONSE AT 

RECORDING POSITION 
wWeeel 


3 a at 


1000 
FREQUENCY [CPS] 


Fig. 6: Measured crosstalk characteristics 


which it will be seen that the cross- 
talk is below the noise level in all 
cases until the frequency rises above 
4000 c/s and that except in the case 
of one route it remains below the 
R.T.M.A. signal/noise limit of 65 db 
up to 15000 c/s. The exception cros- 
ses the 65 db line at about 12,000 
c/s. Doubtless, if it had been thought 
necessary, this route could have 
been brought into line with the 
others, but we think it will be agreed 
that the performance as demon- 
strated by these curves is, to say 
the least, entirely adequate. 


Joint U.S.-British 
TV Camera Research 


General Precision Lab. Inc., and 
Pye Ltd. Cambridge, England, have 
signed an agreement providing for an 
expanded program of joint research 
and development in the field of indus- 
trial and broadcast TV cameras and 
studio equipment. The two companies 
have been associated for three years 
under an agreement which provided for 
the development of studio equipment 
currently marketed by GPL. General 

ision will manufacture cameras 
and associated studio items in America, 
and Pye in England, for independent 
sale through their respective marketing 
Organizations, but with the combined 
eerie knowledge of the two 


for lacings that stay put! 


(SUDELACE 


BRAIDED NYLON LACING TAPE. 


Write for FREE 


sumples and prices. 
Electronics Division Dept. B. 


Main Office: 12 South 12th Street, Philadelphia 7, Pe. 


*Patent Pending. 225 West 34th Street, New York 1, NY. 


KINETIX Means 


ADVANCED ENGINEERING 
HIGHEST PRECISION 
CONTROLLED QUALITY 


in the manufacture of 
SYNCHROS 
SERVO MOTORS 
INDUCTION MOTORS 
SWITCHBOARD INDICATOR LAMPS 
OVERLOAD TRANSFORMERS 
HI-ACCURACY TRANSFORMERS 


The rapid growth of 
been the reward of ¢ 
facilities, plus str 

ards of quality cont 
We pledge ourselves t 


duct bearing the name KINETIX 


KINETIX INSTRUMENT CO., INC. 902 BROADWAY, NEW YORK 10, N. Y. 
West Coast Representative 
Joe Davidson & Associates P.O. B 


O« 
DOxXx 
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GUDEBROD BROS. SILK CO., INC. 


Casting Resins 
(Continued from page 81) 


by a factor of 3. However, the re production speeds 
unitized assemblies are then plugged| 4 with BUTTON STEM 


into a chassis which may be made of | , 4 h 
metal and thus add significantly to| | M AC INE or sub- 
weight. On the basis of the completed | 9 - 

equipment the weight contribution| ¥% miniature tubes 
due to embedment has run as low as| ““% 

30%. es 

Many of the casting resins which a eigen ea 
are commercially available are not 


suitable for direct use on a specific i let el "| iE ul i" 


IS THE WATCHWORD 
TODAY IN ELECTRONICS 
...as technological 
advancements call for 


mcircuits of increasing accuracy 
and dependability! 


application. This is particularly true : eS F 
if they are to be used in connection — ii, 
with components. << 
Needless to say, the properties 
of the cured resin are the primary 
zs consideration. However, it will be 
cl "eer 1% worthwhile to point out a few of the 
pa ahd possibilities in formulation of the un- 
char. “F polymerized material. 
Some of the changes which are 
often made consist of the addition to 
the base resin of fillers, diluents, 
plasticizers and other resins. 
The key to For example, if a polyester resin 
high precision and stability is to be used as an impregnant for 


lies in proper selection of mica capa- aper capacitors, the viscosity must 
citors, made possible through our pap P ’ y 


ability to provide ANY CAPACITY | be adjusted so that complete pene- 
at ANY TOLERANCE with the highest tration into the capacitor winding is 
characteristics within the ranges speci- assured, and at the same time the 
fied for molded mica capacitors. resin must not flow out of the wind- 
ing during cure. The addition of 
monomeric styrene is one method of 
lowering viscosity. If in addition 
good low temperature characteristics 
of the capacitor are required, a plas- 

ticizer may be called for. 
SINGLE UP TO ; _ In the formulation of a dip com- 
15000 MMF pound for application of coatings to 
electrical components, a viscous ma- 
terial is required so that the build- 


Elmenco 


TRIPLE UP TO 45000 MMF 


Any Capacity 
Any Tolerance (to + 0.5%) 
JAN Characteristic “F’ or Better 
for Most Capacity Values. 


Fig. 5: Amplifier prior to embedment. Glass 
enclosed HV rectifiers must not be damaged by 
shrinkage of the resin at —65°C temperature 


up is sufficient to assure the desired 

degree of hermetic sealing. Inorganic 

fillers are often used. These include 

finely divided mica and talc. Here 

again, a plasticizer may be needed to 

improve impact resistance of the ENGINEERING COMPANY 
coating. Pigments may be src na 1313 SEVENTH STREET 
rated for coloring. NORTH BERGEN N. J. 
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Conductive plastic materials have 

been formulated by adding carbon 

black and/or finely divided metal 
ders to casting resins. 

Another interesting modification 
of casting resins is the addition of a 
‘flocculent material such as chopped 

monofilaments. A relatively 
small percentage weight addition re- 
sults in an almost dry molding com- 


Fig. 6: Irregular shape of embedded amplifier 
in Fig. 5 is utilized to solve space problems 


position. This may be used in a man- 
ner similar to that used in phenolic 
molding. Molding pressures, how- 
ever, are much lower. Pressures as 
low as 25 psi have been used suc- 
cessfully. 

There is a technique for encapsu- 
lation of electronic circuits which 
overcomes some of the disadvantages 
inherent in potting and casting. The 
method consists of the application of 
a dipped coating to the assembled 
unit. 

A dipping formulation is prepared, 
and the unit is dipped into it and 
subsequently placed in an oven to 
render the coat non-flowing. Other 
coatings follow until the plastic 
build-up is sufficient for the degree 
of sealing required. When properly 
applied, the coating is completely 
uniform and is as effective in herme- 
tic sealing as the casting process. 

A few of the advantages are elimi- 
nation of molds, decrease in weight 
and improved heat dissipation. The 
final assembly can be made just as 
tugged as the same circuit embedded. 
_ Casting Resins as Applied to Com- 
ponents: 

_ It will be of value to consider in- 
idual electrical components in 
Which casting resins or formulations 
on casting resins have been 


Paper Capacitors: One of the most 
interesting uses of casting resins is as 
an impregnant for paper capacitors. 
The construction of a paper capacitor 
Consists of winding two lengths of 
metal foil between which are one or 
(Continued on page 170) 
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Now you can readily design your Electronic Equipment 


for unitized PLUG-IN UNIT CONSTRUCTION 
Le wn aagn Pan ome line of toae “ima Here's the story on 


“PAN-I-LITE”—ideal monitor 


components of tremendous flexibility for 
_—? your equipment to plug-in construc- 


Unitize your circuitry in compact vertical 
using Alden Terminal Card Mounting 


PRE-PUNCHED STRIP YOUR 

hr yt + MarsLATURE g, Hlimioars witiag g@CARD-MTG. soe arED 
You can use Alden Terminal Mounting Card with Alden Miniature Ter- 
minals, Jumper Strip and Sockets to accommodate any circuitry — 
making complete units ready for housing. Components snap into unique 
Alden Terminals, are held ready for soldering. 


Make your circuits neat accessible plug-in 


units mounting in Alden “20” Package or 
Basie hassis. 


ALDEN 
nO" 
PACKAGE 4 
Sy ALDEN BASIC 
79 CHASSIS 
Alden components provide standard plug-in or slide-in housings — with 
spares, your circuits become units ible in 30 seconds. 


Monitor your plug-in units with ALDEN SENS- 
ING ELEMENTS that spot trouble instantly. 


MINIATURE, a MINIATURE ae” 
INDICATING > INDICATING 
FUSE HOLDER >,™* LIGHT 
equipment. Instantly replaceable. Glow like 


Get fool-proof unit interconnections and acces- = || a red hot poker, yet never with glare that gives 
sible check points with Alden Unit Cable and | false signal. Tiny Pan-i-Lites punch into a 
.348” drill hole, take about 4%” behind panel, 
mount on centers .44” apart, allowing 900 
| Lites per sq. ft. of panel. 

Now you can use indicator lights wherever 
needed. Avoid hazard of dead light, because 
P | bulb replacement instant, easy, by anyone. 
For ALL indicator needs, ize on Pan- 

| i-Lite, the light that really makes sense! 


The panel lights you've used — were bulbs 
easy to replace? Were spares durable and 
| always on hand? Did the user have to call a 
l service man to replace a light? Was it hard to 

find panel room to build in the lights you 
1 wanted? Did your equipment look like a 
] Christmas tree, with a confusing glare of lights? 

At last — here's a Pan-i-Lite so well thought 

out you need never use any other. You know 

l a dead light means danger. Pan-i-Lite’s 1-piece 
bulb-and-lens is so easily replaceable, it's never 
neglected. Spares are unbreakable, easily kept 
in kit, vest pocket, or taped right in a recess of 
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VARIOUS 
SIZES 


MINIATURE 
TEST JACK 


Back Connectors. 
BACK CONNECTORS & UNIT CABLE 


we Alden Back Connectors give accessible color coded GY t.ee 
= Se for alt Incostiog 204 cosapies chases ay 
4 leads. be built into Unit Cables that incer- 
chassis and are instantly replace- 


connect 
able with spares. 


#33, price $6.00. 


lf you have a labeling 
problem ordinary 
labels can't solve...use 


... the tough ones are our specialty 


... where other types of labels are found 
“wanting”...or when you need to 
substitute an attractive pressure-sensitive 
label for a costly nameplate... 
Avery Kum-Kleen labels 
are the best solution 
to your problem! 


...and so are the other kind.. 


... where you want faster labeling... 
improved appearance...labels that won’t 
pop, curl or peel. ..or those the housewife can 
remove without soaking or scraping...there’s 
no substitute for an Avery Kum-Kleen label! 


faster « easier « more economical | 


Patented Avery dispensers...manual or electric... 
feed die-cut pressure-sensitive labels off roller tape, 
ready to be LAID ON any clean, smooth surface. 
No moistening...no sticky fingers. 

Where can YOU use these labels in YOUR business? 
’ Write today for free samples, case histories and prices. 


AVERY ADHESIVE LABEL CORP., DIV. 111 

117 Liberty Street, New York 6 ¢ 608 South Dearborn Street, Chicago 5 

1616 So. California Ave., Monrovia, Cal. ¢ Offices in Other Principal Cities 
Originators of Pressure-Sensitive Labels . 


Plug-in Broadcast 


PRE-AMPLIFIER 


@ PLUG-IN DESIGN—simplifies maintenance. 
@ TWO STAGE—Ideal for microphone or transcrip- 


tion pre-amplifier. 


@ EXCELLENT FREQUENCY RESPONSE — Features low 


distortion and noise level. 


@ COMPACT...YET HIGHLY ACCESSIBLE. 
The G-E Plug-in Broadcast Audio line includes: 


BA-1-F 
PRE-AMP 


BA-12-C 
PGM/MON AMP POWER SUPPLY 


BP-10-B 


For information write: General Electric Co., 
Section 4833, Electronics Park, Syracuse, N.Y. 


GENERAL @@ ELECTRIC 


Use Wood? 


For many electronic manufacturing 
applications, wood can frequently 
replace or supplement expensive or 
scarce metals and plastics. 

Radio and Television Parts © Spools © Reels © Han- 
dies * Wedges © Wheels ¢ Dowels © Knobs ¢ Rollers 


Plugs e Blocks ¢ Moulding ¢ Shaping ¢/ Displays 
Available in Plain, Dip, Spray and Tumble Finishes 


Send for Free Chart on Uses and 
Properties of Domestic Woods 


AMERICAN 


WOOD WORKING COMPANY 


1688 N. Lowell Ave. @ Chicago 39, Ill. 


f Precision Wood Workers to the Electronic 
f- Industries Since 1893 


NO SHORT 
CIRCUITS 


when you 
use-. 


*TRADE MARK PAT. PEND. , 


ALL SIZES 
Ve" dia. to 1%" dia. 


Made of 


4 TOUGH, DURABLE 


ETHYL CELLULOSE PLASTIC 
—FLEXIBLE, EASY TO INSTALL 


Write for Sample and Full 
information, including Strength 
Tests and Prices 


WECKESSER CO. 


5259 N. Avondale Ave. e 


cS 


Chicago 30, Ill. 


more layers of very fine Kraft paper, 
To produce the finished capacitors, 
the winding is carefully dried and 
impregnated. Common impregnants 
are oil and wax, which may leak and 
dry up at high temperatures. Impreg. 
nation with a resin which is later 
polymerized in place has been found 
to be successful in producing good 
high temperature paper capacitors, 
The elimination of the paper and its 
substitution by plastic dielectric films 
appears to be logical step. 

To illustrate the results which 
may be achieved, the data on plastic 
impregnated paper capacitors is pre- 
sented. Tl ese are for 1 u f units rated 
at 400 v. dc. The capacitors are in 
metal cans, the terminals project 
through silicone rubber bushings, 
The capacitors are manufactured by 
Tobe Deutschmann Corp. of Nor- 
wood, Mass. 

Variation of capacitance with tem- 
perature: 

Under 1.5% 20° C to 150° C, 
Variation of power factor with tem- 
perature: 

20° C — 0.35% 
85° C — 0.32% 
125° C — 0.65% 
150°C —25 % 
Insulation Resistance: 
20°C — 30K meg. 
85° C — 370 meg. 
125° C— 30meg. 
150°C— 6meg. 
Life Test: 
125° C — 660 v. de stopped at 2000 hrs 
150° C — 400 v. de 300 to 400 hrs 

Low valued paper capacitors are 
phenolic molded following plastic 
impregnation and cure. These units 
have characteristics comparable to 
those of the canned units. The solid 
structure of the capacitor permits 
phenolic molding with less difficulty 
than is experienced when oil or wax 
is the impregnant. 

Cast housings for capacitors have 
been used. The mold is machined 
from metal and the capacitor posi- 
tioned in it. The casting compound 
is poured in and cured. Pouring is 
accomplished at atmospheric pres- 
sure or under vacuum. It is appli- 
cable to expensive capacitors and 
those which cannot tolerate pressure 
molding. At present the casting proc- 
ess cannot compete economically 
with compression molding of hous- 
ings around capacitors. 

Transformers: There are several 
processes for the application of poly- 
merizable plastic materials to trans- 
formers. The oldest and most widely 
used is a potting process wherein the 
impregnated transformer is placed in 
a mold and the casting resin formu- 
lation poured in and subsequently 
cured. The mold may be a metal can 
which remains as a part of the com- 
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Jeted transformer. The resin merely 
the place of the hot melts and 

waxes which the transformer indus- 

try has used for years. 

The use of 100% polymerizable 


pi impregnants for transformers has 
nd been an improvement over the use of 
0d solvent type varnishes. The com- 
ors, pletely solid structure of the trans- 
its former has decreased the possibility 
ms of corona, improved moisture seal- 
ing, heat dissipation and insulation 
i istance. 
a nthe heat dissipation of the solid 
re- transformer structures permits dis- 
ted sipation of up to 30% more heat than 
in a varnish impregnated unit for the 
ect same temperature rise. Application 
gs, of heavy plastic dip coats as a mois- 


by ture seal is also being used for pro- 
tection of transformers, as shown in 
Fig. 1. 

Precision Resistors: An investiga- 
tion has been made by the Rubicon 
’ Co. of Phila., Pa. as to the feasibility 
of embedment of precision resistors 
in casting resins for hermetic sealing 
purposes. The investigation is not 
yet complete. 

The resistors used are of 10,000 
ohms nominal value, wound on cer- 
amic spools. The resistive element is 
cloth-covered manganin wire. The 
resin used was of the unfilled non- 
rigid polyester type and covered the 
resistive elements by approximately 
¥% in. The lead in wires were sep- 
arated by approximately % in. 

Embedments were made in a ma- 
chined Teflon mold. The embedment 
compound was in direct contact with 
the resistive element. 
to The insulation resistance of the 


slid spool with lead in wires attached but 
nits with the resistive element removed 
ilty was 280 K megohms. This blank 
vax after embedment measured 110 K 
megohms. Following subjection to 
ave 100% relative humidity for 300 hours, 
ned the insulation resistance dropped to 
)si- 4) K megohms, but recovered to the 
ind original value after standing under 
is Toom conditions for several days. 
eS- The change in resistance due to 
oli- embedment of the 10 K resistors was 
and + 0.06% + 0.01% or 6 ohms + 1 
ure ohm. After aging for 1300 hours at 
oc- ‘Toom temperature, the resistance 
ally change decreased to 2.8 ohms + 1 
us- ohm. The decrease continued and at- 
tempts are being made to accelerate 
ral the aging of the units. Present indi- 
ly- tations are that the resistors will re- 
ns- cover to within 1 ohm or 0.01% of 
lely their original value. 
the The temperature coefficient of the 
jin embedded resistors is almost exactly 


that of the manganin wire from 


atly Which they were wound. Tempera- 
can ture cycling from 100° C to —55° C 


(Continued on page 173) 


NOW: 


TEST, SERVICE 
12v. AUTO RADIOS 


Ripple Only 3% at Full Load 
New Flectro Completely variable output makes it possible 
DC Power Supply 


Model C-12 


to test equipment under any voltage input 
filtered adjustable DC 
voltage for testing and servicing 12 volt and 


Operates 


electronic equipment used on trucks, 


condition. , Provides 
6 volt auto radios from AC lines. 
tanks 


and other mobile units and low voltage de- 


0-16 Volts for 0-8 


i Utilizes Superior Powerstat Voltage 
Amperes Contin- 


vices. 
Control (Model 10) for extremely fine voltage 
vous Output. Up ; 

adjustments. 
to 12 Amperes 


intermittently. Another Better-Than-Rated EPL Product! 


Write for Complete Information 


ELECTRO PRODUCTS LABORATORIES 


4501-Tc North Ravenswood Ave., Chicago 40, Ill. 
CANADA: ATLAS RADIO CORP., LTD., Toronto, Ont. 


Electro 


ggle andie Types 
Single ana Double Pole Togg Hondl YP 


AIRCRAFT SWITCHES 


a sunications Use 
For Ele nd Comn 


KULKA 


ronic 


KULKA ELECTRIC 


MOUNT VERNON, N. Y. 
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SEE OUR EXHIBIT IRE SHOW BOOTH 2-139 


Registered Trademark 
of Keystone Products Co. 


Keystone is one of the nation’s foremost suppliers of 
magnetic amplifiers. Effective immediately we have avail- 
able for prompt delivery the first of five “‘stock’’ mag- 
netic amplifiers. Engineers may now design units around 
these ‘“‘pre-designed”’ magnetic amplifiers. Inquiries are 
invited on the Moto Mag. 


In place of the conventional output transformer 

and power amplifier tubes, the KP10-400 utilizes a 
phase sensitive vacuum tube demodulator and 
magnetic amplifier output stage which eliminates 
the need of rectifiers, thus assuring greater re- 
liability. Each unit built in accordance with MIL 
specifications. KP10-400 operates from an input 
voltage of 115 volts, 400 cycles single phase. 
Output is 10 watts, reversible phase. KP10-400 
operates from a minus 55° to plus 70° C with 
minimum variation. An input signal of 2 volts 
AC or DC working into a high impedance is re- 
quired for a maximum of 110 volts, 10 watts, 400 
cycles. The unit is 4 inches high, 3'/. inches wide 
and 2. inches deep. Weight—only 1 lb., 13 
ounces. 


Your inquiry will have our prompt attention. 


KEYSTONE PRODUCTS CO. 


904-6 TWENTY-THIRD ST., UNION CITY 6, N. J. 


UNion 6-5400 


‘DIAMOND #’ 
RELAYS 


pack more 
performance 
into less space... 


Rating for rating, “Diamond H” Series R hermetically 7 
sealed, miniature aircraft type 4PDT relays are smallest } 
(1.6 cubic inches), lightest (3.76 ounces), have widest — 
temperature range (—65° to +200°C.), greatest oper- 
ating shock resistance (to 50 “G” and higher) and excel 7 
all others in their field in ability to break high currents ~ 

and high voltages. q 


Ideal for high frequency switching, their inter-electrode 
capacitance is less than 5 micro-microfarads contacts to 
case, less than 2% mmf between contacts, even with 
plug-in type relay and socket. Vibration range is from 
0 to 500 cycles per second and upward at 15 “G” with- 
out chatter. Coil resistances up to 50,000 ohms are avail- 
able, with contact loading through 10 A. resistive for 
100,000 cycles (30 A. resistive for 100 cycles) at 30 V., 
D.C., or 115 V., A.C. Sensitivity approaches 100 milli- 
watts at 30 “G” operational shock resistance. They meet 
all requirements of USAF Spec.’ MIL-R-5757 . . . and 
far surpass many. Various standard mounting arrange- 
ments available. Write for Bulletin R-150 or ask for- 
“Diamond H” technical assistance. 


THE HART MANUFACTURING COMPANY 
218 Bartholomew Avenue, Hartford, Connecticut 


Choose the 


COMBINATION 
of properties 
you need ) 


Light weight, strength, chemi- 
cal and moisture resistance, 
hardness, toughness, density, 
high dielectric strength— 
Synthane laminated plastics 
combine them all in one easy- 
to-machine material. If your 
product—or a component—re- 


C 


% quires a specific combination of 
properties, it will pay you to 
investigate Synthane. The cou- 
pon below brings you full 
details. 


NEW 1953 


ENGINEERING MANUAL 


Send now for your copy 
of this new 36-page 
manual. It covers our 
complete line of 
Standardized Elec- 


tronic Hardware. 


It gives detailed prints and specifications covering types, sizes, 
materials, finishes and complete engineering data on our 
terminal lugs, terminal boards, insulated lugs, chassis bushings, 
stand-offs, spacers and other electronic items in both standard 
and miniature sizes. Contains everything required for the design 
engineer. Especially helpful to the new user. 


USECO hardware has been tried and proved in the field, and, 


KN 

- ; SYNTHANE CORPORATION 
Manufacturers of | 11 River Road, Oaks, Pa. 
laminated plastics | Gentlemen: 

| Please send me the new Synthane Catalog 

SHEETS | without charge or obligation on my part. 
RODS - TUBES «= jy 
MOLDED-LAMINATED | 
MOLDED-MACERATED | 4%4"** 
FABRICATED PARTS | City Zone — Stale 


through mass production, has been made available at competi 
tive prices. Prompt deliveries. Today's mail answered foday! 
Terminal boards fabricated to manufacturer's specifications. 


For your copy of New Engineering Manual, write 


U. S. ENGINEERING CO. 


520 Commercial St., Glendale 3, Calif. 
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NEW! 
3 Super Standard 


Output 
Transformers 


ib 20—30,000 cycles 
ficiency 


S17 


S-510-F, 10 watts 
ri: 10,.000eCT-8 0000CT 


) 
re) 


$-542-F, 40 watts 
Pri: 5000e2CT-4,00002CT 


C: 16-8-40 


for the 
new 
1953 

Peerless 


has no detectable effect on the plastic 
coating. 

Note the bleeder embedments in 
Fig. 2. 

Other embedment methods in 
which the plastic material does not 
contact the resistive element are 
planned for future investigation. 

High Frequency Inductors: The 
techniques outlined previously with 
respect to capacitors may be applied 
to high frequency inductors. The 
wound coil is dried and impregnated 
with a resin of good electrical prop- 
erties. Cure of the resin produces a 
unit of solid structure which then 
may be enclosed in a housing which 
is cast, compression molded or dip 
coated. A polystyrene resin as the 
impregnant has been used on coils 
with excellent results. 

Electric Motors: Casting resins are 
used to impregnate the armatures 
and fields of electric motors. They 
are generally superior to the var- 
nishes previously used. Void free 
insulation, avoidance of solvent 
evaporation and better mechanical 
anchorage of the windings are given 
as the advantages. 

On small motors and generators 
for servo applications both rotors 
and stators have been molded in 
resin for protection of the very fine 
wire used. The mold used is ma- 
chined from Teflon. Teflon is used to 
eliminate the need for mold release 
which would upset the close toler- 
ances to which the moldings must be 
made. The Tefion is carefully treated 
so that it will remain dimensionally 
stable. The windings are positioned 
in the mold and the formulated cast- 
ing resin run in under vacuum. Cur- 
ing and removal from the mold fol- 
low. The windings have thus applied 
to them a coating of 0.007 in. uni- 
formly over the surface except at the 
air gap surface, at which point the 
coating is 0.005 in. The production 
rate is one rotor or stator (as the 
case may be) per mold each 45 min- 
utes. 

Teflon is an almost ideal mold ma- 
terial in that casting resins do not 
adhere to its surface, thus eliminat- 
ing the need for mold release. Mold 
release is expensive to apply in a 
production casting process, and ad- 
versely affects the surface finish. 
Teflon coated metal molds have also 
proved to be practical for production 
casting of electrical equipment. 

Antennas: Polyethylene has been 
used to cast around electronic com- 
ponents by a low pressure process. 
One of the most interesting applica- 
tions is the embedment of helical 


- antennas. See Fig. 3. It is reported 


that a one-third size reduction can 
be made in the size of the antenna 
(Continued on page 175) 
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AND 
ENGINEERS 


ATTENDING THE 


ba 8 a a 


ee ee 


CONVENTION 
NEW YORK CITY 
MARCH 23-26... 


“> Inquiries are 


invited regarding 
openings 
on our Staff 


> RADAR LABORATORIES 
> GUIDED MISSILE LABORATORIES 


> ADVANCED ELECTRONIC LABORATORIES 


> ELECTRON TUBE LABORATORIES 
> FIELD ENGINEERING DEPARTMENT 


~ 
> For the convenience of 


7 


those attending the I.R.E. 
meetings and Radio Engineering 
Show, members of the 
Laboratory Staff will be available 
for interviews at the 


Convention hotel. For appointment 


telephone Hughes New York 
office, LAckawanna 4-9350. 


PHYSICISTS © 


HUGHES 


RESEARCH AND 
DEVELOPMENT LABORATORIES 
Scientific and 

Engineering Staff 


CULVER CITY, LOS ANGELES 
COUNTY, CALIFORNIA 


Assurance is required that relocation 
of the applicant will not cause disruption 
of an urgent military project. 


a ne auimaiel 


the switch is ON to 


GUARDIAN 


" © bed 


cole 


SOLENOID 
CONTACTORS 


For the first time 

sealed solenoid con- 

tactors may be com- 

pletely assembled, 

tested, pig dot nay -_ 

: inspected before seal- auiiiend ts: gabe 
. ‘3 quip to 
CONSULT : Ieee (200 Ampere) poeB igh Rom gg AN hermetically seal wu 
THIS LATEST (ieee JAN and will pass proposed MIL-R Wiel of relays to mel 
64-PAGE 7: ee tests. Can be constructed to operate tary and ‘dual z 
Ze in ambient temperature up to 120° C slications. If your pi 
CATALOG : and withstand 50 G shock. Wiredfrom cation calls for expert 
top for accessibility. New Bulletin hermetic sealing, we in- 
describes interchangeability, special vite ‘you to consult 
insulation features. Write. Guardian. 


GUARDIAN ELECTRIC 


1607-C w. WALNUT STREET CHICAGO 12, ILLINOIS 


A COMPLETE LEME OF RELAYS SERVING AMERICAN IROUSTRY 


Write 


TV LENSES 


WORLD'S LARGEST STOCK 


Coated Hi-resolution Lenses for every TV need — 
wide angle, normal, telephoto — 11% to 20” . 

Cooke, Zeiss, Ektra, Carl Meyer, B & L, Wollensak, 
Ross, Astro, etc. All accessories, baffle rings, 
counter-balances, fittings. Foc. mounts fit RCA, 
Du Mont, GE Image Orth. Special mounts for GPI 


and others. Expert fitting service. LOWEST PRICES. 
15 day FREE TRIAL. Unconditional Guarantee. 
TRANSFORMERS SERVING TV SINCE 1936... 
PRECISION soi RESISTORS eR a 

WOUND 


W. offer a complete Engineering and Manufacturing Service 
with emphasis on Special Applications. Small pilot runs, 
or full scale production executed economically and on 

schedule. Consult us for these products:— 


COILS: TRANSFORMERS: 
High Freq. Air Core Audio* Power [ie TYPE 103 MAGNETIC TRANSIENT RECORDER 


‘Multi-Layer Solenoids Elevator | Frequency Response — DC to 30 Ke 
Peaking High Voltage © 


BURKE & JAMES, | 
321 So. Wabash Avenue (ty ¢ Chicago 4 


AMMOUKCING « -+ Development of the 


Synchro Windings ° Pulse Applications 
Television RF, IF, etc. Synchros, etc. 


Experimental Samples promptly submitted, 
usually without charge. Write to: 


COMPONENTS MFG. DIV., Dept. T3 


TRANSVision, inc. 


| NEW ROCHELLE, N: Y. NE 6-6000 


DEMONSTRATION at HOTEL BELMONT PLAZA 
Lexington Avenue and 49 Street, New York 
During the IRE CONVENTION, March 23-26. 


ASK room clerk for Room Number. 


MAGNE-PULSE CORPORATION 


140 Nassau Street New York 38, New York | 4 
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>? 2NEED TUBES FOR 
SPECIAL APPLICATIONS? 


Victoreen is prepared to assist you by 
engineering and manufacturing tubes for 
your particular application. 

Expanded production facilities plus a com- 
petent tube engineering staff permit us to 
accept orders for new tube types now. 


ABOUT VICTOREEN 


SEND SPECIFICATIONS TODAY 


Use this check list (%) as a guide in submit- 
jing your inquiry. This will assist our tube 
engineers in studying your application. 


APPLICATION: MECHANICAL 
REQUIREMENTS: 


AMBIENT 
TEMPERATURE: 


CONDITIONS OF 
USAGE: 

Current Regulator... | Filament Voltage......... 
Voltage Regulator... | Filament Current... 
Voltage Reference... | Grid Voltage.._.......... 
Other. SEaiepanssce.covecoses Grid Current. 
CLASSIFICATION: 
Suppressor Voltage...... 
Suppressor Current...... 
Maximum Frequency... 
Plate Voltage. 

Plate Current.............. 


Power Output............ 


SPECIFICATIONS: 
C cial 


REQUIREMENTS: 


Piewctmeererserscecesess sensed 


+ QUANTITIES REQUIRED: 


Initially Annually Monthly ___ 
ANY OTHER REQUIREMENTS: 


Sa ELS MOET TRE 
BETTER COMPONENTS MAKE BETTER INSTRUMENTS 


Visit our Booths 4-103 and 
4-104 at IRE show NYC 


Victoreen Instrument 
Y 3800 PERKINS AVE. CLEVELAND 14, OHIO 


system. Because of the excellent 
electrical characteristics of polyethy- 
lene there is no impairment in op- 
eration. 

Polystyrene may also be used but 
its poor low temperature character- 
istics have limited its use. Polysty- 
rene casting resin, however, is being 
used successfully in embedment of 
the connection between the coaxial 
cable and antenna elements of the 
weather-proof antennas made by the 
Workshop Associates of Needham, 
Mass. 

A method which may be used to 
make polystyrene castings of ex- 
tremely large size is to first fill the 
mold with polystyrene molding 
granules and under vacuum flow ina 
properly catalyzed polystyrene cast- 
ing resin. Upon curing, a perfect 
bond is formed between the casting 
resin and the granules. The casting 
is almost completely strain-free. 

Radomes are produced by using 
casting resin formulations in con- 
junction with web fillers, such as 
cloth and glass mat. The cloth or mat 
is saturated with the catalyzed liquid 
resin and then introduced between 
the platens of a press which are 
shaped to the desired contour of the 
radome. Low pressures, below 50 
psi, and low temperatures 200 to 
250° F are used to cure the lami- 
nate. 


Mechanical Applications: Casting 
resins have found innumerable uses 
in electrical equipment wherein the 
function of the plastic material is 
primarily mechanical. 

A few of these are: 

Experimental castings of items 
which will be injection or compres- 
sion molded when the final design is 
frozen. 

Production of large plastic pieces 
which would be impractical to mold. 
One method which has been used is 
to injection mold a shell for the cast- 
ing which serves as the mold. A cast- 
ing resin which will bond to the shell 
is poured in and cured. 

Casting resin formulations are 
used as cements and sealants. For 
example, a pair of thermistors are 
sealed into an aluminum housing for 
measurement of underwater tem- 
peratures. The seal is of unique de- 
sign and has been tested against 300 
psi water pressure. See Fig. 4. 

Electronic Assemblies: Two ap- 
proaches have been made to the 
embedment of electronic assemblies 
and equipment. One has been to 
embed in one large casting the com- 
plete system. This has proved to be 
successful in only a few instances. 
The basic difficulty is with compo- 
nent reliability. Until electronic 

(Continued on page 176) 
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24 HOUR 
DELIVERY 
FROM STOCK! 


RELAYS 


Our stock of more than a 
million relays — in over a 
thousand different types 
—is the world’s largest. 
Don’t delay your produc- 
tion for want of large or 
small quantities of relays 
of any type. 


Telephone, wire or write 
for quotations. 


NEW AND MORE 
COMPREHENSIVE 


1953 


RELAY SALES 
CATALOG 


NOW READY 


Be sure to send 
for your copy 
Telephone 


olay Skeley 8-4146 


833 W. CHICAGO AVE. 
ew” 


DEPT. 6, CHICAGO 22, ILL. 


components can be counted on for 
long trouble-free life, embedment of 
large complex assemblies will be 
impractical for the majority of elec- 
tronic equipment. With respect to 
expendable military equipment, 
complete embedment is practical 
and should improve overall reliabil- 
ity. Expendable applications include 
guided missiles, sonobuoys, prox- 
imity fuses and controlled torpedoes. 
Photos of an amplifier assembly be- 
fore and after embedment are shown 
in Figs. 5 and 6. 

Unitized construction is the other 
approach. No more than approxi- 
mately 30 components are contained 
in a single casting, it is practical for 
most equipment for the armed serv- 
ices and for many commercial appli- 
cations. 

Polymerizable materials are al- 
ready seeing large scale use in the 
electronic industry as impregnants, 
coatings and potting compounds. At 
present these uses are mainly with 
respect to components. Commercial 
casting of electronic assemblies is 
limited by lack of knowledge re- 
garding component reliability. 


Strain-Gage 
(Continued from page 75) 


provides a power output of 2.0 
watts minimum and is tunable over 
the frequency range 215 to 230 mc. 
It employs four subminiature triodes 
and is readily removable as a unit 
from the main chassis. 

The AN/AKT-8 equipment re- 
quires 6.3 v. at approximately 5.5 
amps and 135 v. at approximately 
150 ma. 

The six subcarrier oscillators, the 
voltage regulator unit and the r-f 
transmitter are contained in a water- 
tight jacket with AN connectors 
provided on the front panel for strain 
gage, antenna, and power connec- 


Fig. 9: Complete AN/AKT-8 telemetering unit 


tions. If desired, all units may be 
mounted separately and are capable 
of operation without shock mounts. 
The complete AN/AKT-8, with its 
waterproof jacket, however, is pro- 
vided with vibration isolation 
mounts. The assembled AN/AKT-8 
is shown in Fig. 9. 


THIS IS i ee Measures or 
Generates ANY Frequency 
From 20—640 M.C.* 
Within 10 Parts Per Million 


Direct Reading VHF Frequency 
Meter Model FM-3 
*Under certain conditions can be used 
below 20 mc and above 640 me, 
Accuracy: ..... + 0.001% 
Stability: ...... + 0.001% 
Resetability: ... + 0.0005% 
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NEW 200-PAGE 
g 1953 EDITION 
JUST PUBLISHED! 


g SENT FREE 


Write on your com: 
pany letterhead. Ra- 
dio Shack’s catalog 
is COMPLETE from 
AMPEX to ZEPH- 
YR. Over 15,000 list- 
ings of components 
and equipment, plus 
details, pictures, 
lowest net prices. 
Separate indexing 
roducts and manu- 
acturers, Full JAN 
data! The preferred 
buying and reference 
guide for P.A.’s, en- 
gineers, designers, 
schools, civil de. 
fense, government, 
service agencies. For 
your FREE copy, 
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WANTED 


SALES 
MANAGER 


Leading manufacturer of ceram- 
ic capacitors needs an aggres- 
sive top-flight sales manager. 
Our product is used by all of 
the larger electronic equipment 
manufacturers and is well estab- 
lished. This man must have ex- 
cellent contacts in this field and 
' must be able to obtain full co- 
operation from our sales repre- 
sentatives. This position will 
pay upwards of $25,000 per 
year, but the man we want will 
be accustomed to a high income. 
If you think you can meet our 
requirements we would like to 
hear from you giving full de- 
tails. Your reply will be confi- 
dential. Box A3-53, Tele-Tech. 


ELECTRON 
TUBE 
TECHNICIANS 


We now 

have 

several openings 
for 
technicians 

to work in the 
fabrication 
and 
processing of 
advanced type 
electron tube 
research 
models. 
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To qualify for one 
of these openings 
you should be 
experienced in 
experimental work 
for research and 
development in 
vacuum tubes, 
which includes the 
fields of mechanics, 
electronics, 
chemistry and 
high-vacuum 
techniques. 


ADDRESS RESUME OF TRAINING 
AND EXPERIENCE TO 


HUGHES 


RESEARCH AND 
DEVELOPMENT LABORATORIES 


Technical 
Personnel 
Department 


CULVER CITY, 


LOS ANGELES COUNTY, 


CALIFORNIA 


e-- BULLETINS 


Analog Computer 

Electronic Associates, Inc., Long Branch & 
Naberal Avenues, Long Branch, N. J., will 
forward a copy of their new 17-page bulletin 
entitled “A cision Analog Computer” to 
interested engineers upon tten request. 
Discussions of computer components, ele- 
ments, and input-output system are included. 


Speaker Enclosure 

The paper on the R-J speaker enclosure, 
presented before the Radio Club of America, 
is now available in printed form and may 
be gore by directing inquires to 11 
West 42nd St., New York, N. Y. Cost is 
fifty cents a copy. 


TV Transmitters 


Specifications and installation information 
for the series 9000 (low band) and series 
12,000 (high band) television transmitters are 
described in ae bulletins published by 
Allen B. DuMont Laboratories, Inc., 1500 
Main Ave., Clifton, N. J. 


Communication Tape Monitor 
A fully illustrated eight-page brochure 
describ an automatic tape monitor system 
for recording radio and i one communica- 
tions is available from ecord, Inc., 225 
. Ohio St., Chicago 10, Ill. This recorder- 
reproducer, originally developed for the 
» permits four simultaneous signal re- 
cordings on standard 14 in. tape. 


Microwave and Telephone 

The economic aspects of multi-channel 
operation of telephone and telegraph circuits 
over microwave radio links are a 
in bulletin 72A-P16, published by the Len- 
kurt Electric Co., San Carlos, Calif. 


Integrator 


The Instron Integrator is the subject of a 
new bulletin just released by the mn 
ae ng, | Corp., 2 Hancock St., Suiey 
71, Mass. Applications, general description, 
principle of operation, input requirements, 
and technical specifications are presented. 


Bobbin Winder 

George Stevens Manufacturing Co., Inc., 
Pulaski Road at Peterson, a 30, Til., 
has released a new catalog sheet illustrating 
and describing model 119-A bobbin winder 
(economy box—cam operated) and model 
T-102 dereeling tension for extremely fine 
wire. 


Power Tetrode 


A new technical data sheet on Los Gatos 
Brand 4D21 power tetrode has been re- 
leased by Lewis & Kaufman, Ltd., 52 El 
Rancho. Ave.,.Los Gatos, Calif. 


FCC Modifies 
Operating Rules 


The FCC has relaxed its Operator 
Requirement Rules for many AM and 
FM stations, permitting remote control 
of such stations. This has been hailed 
as major victory for the NARTB, whose 
petition of Feb. 1, 1952, initiated the 
Commission’s Rule. The amendments to 
the FCC Rules will permit: (1) Per- 
sons holding restricted radiotelephone 
operator permits or higher class of 
licenses to stand the required regular 
transmitter watches at AM and FM 
stations employing non-directional 
antennas and operating with powers of 
10 kw or less, and (2) Remote Control 
of such stations. The FCC states, also 
that operation under the CONELRAD 
plan for defense measures in case of 
air raid alerts (see p. 85 of this issue) 
is possible by operators holding other 
than first-class radiotelephone authori- 
zations. 


ELECTRONIC 
ENGINEER 
WANTED! 


An established business organi. 
zation engaged in development 
and manufacture of products for 
VHF and UHF Television Appli- 
cation, requires an individual 
qualified to work independently, 
to organize, and to supervise de- 
velopment projects. 


This position is to be permanent 
and will offer the opportunity for 
unlimited advancement to a suc- 
cessful career. Offers stimulating 
and congenial surroundings in a 
newly acquired plant. 
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Attractive Salary 


Write stating qualifications 


Blonder-Tongue 
LABORATORIES 


526-536 North Avenue 
Westfield, New Jersey 


‘tomorrow’s ‘products ‘today, in produ 


ENGINEERS | 
ELECTRONICS - 
TOP JOBS 


We are a large established Company 
Company which is spearheading a dy| 
namic expansion program in the 
tronic Tube field. Top quality men are 
needed to augment our present staff. 
Development—Creative mechanical et 
gineering talent required . to _visualiz 


development, procedure, equipment. 
Should possess manufacturing, research 
or engineering background in this field. 
This opening presents a challenge to 4 
qualified man whose abilities and knowl 
edge presently are restricted. ; 
Application—An _ inventive, ingenious 
engineer with a background in elec 
tronic circuits. One whose abilities (EE 
preferred) can meet the constant chal- 
lenges of tube application. Personality 
er persuasiveness are desirable attti- 
butes. 

Tube Production—A-1 man required fot 
tailormade position for experienced re 
ceiving tube plant manufacturing exect- 
tive. Our expansion program is 
reason for considering applicant from 
another company. 

All replies are strictly confidential. Out 
management is aware of these openings. 
Please submit resume. 


Box 353. 
Tele-Tech, 
480 Lexington Ave. 
New York 17, N. Y. 
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WITCHES 


DAVEN 


DAVEN not only supplies switches from its hun- 
reds of standard units, but can also effect quick 
changes from standard units to special switches by 
using components at hand. 

As a result, you are able to select, from thousands 
of variations, the right switch for your particular 
requirements. 

And .. . here’s a new switch for problems that 
defy solution with standard components. If your 
prototype is that of an unusual piece of equipment 
and requires a switch not yet developed, DAVEN 
will engineer it for you. 

This is a service which DAVEN is singularly well 
qualified to perform by reason of its skilled engi- 
neering staff and exceptional facilities. For more 
than a generation, DAVEN has built up a Develop- 
ment Department that is second to none in solving 


ious 
elec- difficult switch problems. 
= Furthermore, because only DAVEN has the 


patented ‘‘knee-action’’ rotor, units can be pro- 
duced with a greater number of switch positions 
and poles in a smaller space than was ever possible 


be before. 

ecu 

sole . 
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a Why not call on DAVEN today to assist with 


your development project, especially if you need 


switches that must render maximum performance in 
DAVEN= mm 


17 
9 CENTRAL AVENUE 6 KE Write for your copy of DAVEN’s 
NEWARK 4, NEW JERSEY (oS new, 28-page brochure on SWITCHES. 
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Why is one Reflection NY ee? 


Tue picture tube faceplate on the 
right is free from annoying room re- 
flections because its outer surface is 
lightly frosted. In this way, RCA 
metal-shell picture tubes give you an 
important sales feature —reflection- 
free faceplates. 

Remember: RCA metal-shell pic- 
ture tubes with their frosted face- 
plates not only suppress bothersome 
room reflections but preserve sharp, 
graphic picture quality over their en- 
tire faceplate area. 

Why not make RCA frosted 


® 


faceplate picture tubes an important 
feature of your 1953 TV set design. 
Take advantage of the extra con- 
sumer appeal .. . give your merchan- 
dising program new sales power. 


For technical data or design help, 
write RCA, Commercial Engineering, 
Section 57CR. Or simply call your 
nearest RCA Field Office: 

(EAST) Humboldt 5-3900, 415 S. 5th St., 
Harrison, N. J. 

(MIDWEST) Whitehall 4-2900, 589 E. Illinois St., 
Chicago, Ill. 


(WEST) Madison 9-3671, 420 S. San Pedro St., 
Los Angeles, Cal. 


RCA Metal-Shell Kinescopes 


RCA-21AP4 
(magnetic- 
focus type) 


All RCA metal-shell kinescopes 
feature faceplates which suppress 
annoying room reflections. 


RADIO CORPORATION of AMERICA 


SLECTRON TUBES 


HARRISON, H.J- 
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